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Executive Summary
This report, prepared jointly by the United States Department of Energy (DOE), and the People’s

Republic of China, Ministry of Science and Technology (formerly the State Science & Technology
Commission (SSTC)), documents progress that has been made by both countries in areas covered by the
Protocol for Cooperation in the Fields of Energy Efficiency and Renewable Energy Technology Develop-
ment and Utilization (hereinafter referred to as Protocol). The report focuses on the first three years of
work done under the Protocol which was reviewed at the first Joint Working Group Meeting held in
Washington, D.C., on November 4-5, 1998. Additional information on activities subsequent to that meeting
is included where possible.

China’s Energy and Environment Challenges

China is currently the world’s second largest energy consumer, after the United States (about 35 quadril-
lion Btu in China in 1995, versus 88 quadrillion Btu in the U.S.). China is also the world’s largest coal
producer and consumer. Electricity generation is dominated by coal-fired plants (about 75 percent in China
in 1995 versus 51 percent in the U.S.). Heavy reliance on coal has caused severe environmental pollution
in China including acid rain, smog, toxic waste, water pollution, and carbon dioxide emissions. China now
accounts for about 13 percent of world’s carbon emissions, ranking second behind the U.S. As China’s
economic growth of the past two decades continues, demand for energy is expected to increase at a rate
of 4-5 percent annually through 2015. At this rate, China could surpass the U.S. as the world’s largest
energy consumer and greenhouse gas emitter by the year 2025, according to the U.S. Department of
Energy’s, Energy Information Administration.

China recognizes these challenges and the need to pursue aggressive programs to support environmental and
social concerns while maintaining economic and energy development. Key programs include deployment of
energy efficient and renewable energy technologies to reduce reliance on coal and providing energy to the
estimated 60 million habitants who live in remote, rural areas and islands which lack access to an electricity
grid. China’s Agenda 21 Program was developed following the United Nations Conference on Environment
and Development held in Rio de Janeiro in June 1992. The program plan emphasizes use of energy effi-
ciency, renewable energy, clean coal technology, combined cycle power plants, and nuclear power. In March
1994, China’s State Council approved the Sustainable Energy Programs under Agenda 21.

Subsequently, in the Ninth Five-Year Plan (1996-2000), China adopted several ambitious national programs
including the “Brightness Program,” “Integrated and Comprehensive Rural Electrification,” “Energy
Efficient Lighting,” and “Riding the Wind Program.” In addition, China is implementing the Energy Conser-
vation Law, adopted by the People’s Congress on November 1, 1997. All of those programs and policies
aim to use efficiency and renewable energy as a means of reducing energy intensity (the energy used to
produce a unit of Gross Domestic Product) and providing least-cost electricity to remote areas, thus
curtailing environmental damage.

U.S.-China Energy Efficiency and Renewable Energy Protocol

In response to an invitation from Dr. Song Jiang, Chairman of the SSTC and of China’s National Climate
Committee, U.S. Secretary of Energy, Hazel O’Leary led a Presidential Mission on Sustainable Energy
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and Trade to China in February 1995. During that visit seven new agreements were signed including the
Energy Efficiency and Renewable Energy Protocol.

The Protocol focuses on three sustainable energy goals: (1) to advance world energy security interests by
helping China develop more diversified energy resources and thereby reduce its future demand for oil; (2)
to mitigate environmental damage associated with rapid growth in energy demand through deployment of
renewable energy and energy efficiency measures; and (3) to enhance U.S. industry competitiveness in
China’s energy market.

Activities under this Protocol also support goals of the U.S.-China Forum on Environment and Develop-
ment discussed at the second meeting of the Forum, which was co-chaired by U.S. Vice President Al
Gore and Chinese Premier Zhu Rongji on April 9, 1999, in Washington, D.C. The Forum includes an
Energy Policy Working Group that is co-chaired by the DOE and the SDPC, covering many facets of
various agreements in areas including: renewable energy, energy efficiency, oil and gas, clean coal technol-
ogy, coal mine methane, and other topics.

The first meetings of the Forum on Environment and Development and its Working Groups were in March
1997 in Beijing. Building on successful initial discussions in the areas of energy and environment, in
October 1997, then Secretary of Energy Federico Peña and SDPC Minister Zeng Peiyan co-signed a joint
statement, the “Energy and Environment Cooperation Initiative.” The Initiative is aimed at strengthening
bilateral cooperation with a view toward helping China meet its energy needs in a way which advances
local, regional and global environmental concerns, including global climate change. The Initiative also
identified three areas as priority areas for cooperation: urban air quality; clean energy and energy effi-
ciency; and rural electrification.

The Protocol advances the goals of the U.S.-China Forum and the Energy and Environment Cooperation
Initiative by promoting energy efficiency and renewable energy and specifically by advancing these
applications to help meet China’s rural electrification and environmental goals. Cooperation under the
Protocol may include: technical assistance, training, policy analysis, resource and market assessment, and
information exchange. The Protocol now has six annexes, four of which relate to renewable energy, one to
energy efficiency, and one to electric and hybrid-electric vehicles.

Status of the Protocol and Accomplishments

Annex I, Rural Energy Development – signed with the Ministry of Agriculture (MOA) on June 27,
1995, focuses on the use of village scale renewable technologies such as biogasification, wind, solar
photovoltaics, and wind/solar hybrid systems to provide energy or electricity to China’s rural areas.
Cooperative activities include pilot projects for rural electrification, training and personnel exchanges, and a
U.S.-China Rural Electrification Workshop. Three successful projects, which can be replicated in other
areas of China, have laid a solid foundation for China’s rural energy development.

6 Gansu Solar Home System Project – The U.S. Solar Electric Light Fund (SELF) and the Gansu
Solar Electric Light Fund (GSELF), supported by DOE’s National Renewable Energy Laboratory
(NREL) and MOA, completed installation of 320 photovoltaic (PV) solar home systems in 1998. In
addition, ten schools were equipped with U.S. made, 53-watt PV systems. As a direct result of
Protocol projects, another 275 systems have been installed by GSELF with support of the Gansu
Provincial government. This success led the MOA to expand its solar home system project to
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10,000 households in six northwestern provinces. A market characterization survey, analyzing social
and economic factors which impact the sustainable development of PV technology, is currently
being conducted in Qinghai and Xingjiang provinces.

6 Rural Biomass Collaboration – DOE/NREL collaborated with MOA to develop an assessment
of biomass resources, a description of China’s technological capability in some of the biomass
conversion areas, and an initial techno-economic assessment of potentially useful biomass and
bioenergy systems. Reports on this initial data and research were published in China as a bilingual
set of three books titled: (1) “Assessment of Biomass Resource Availability,” (2) “Biomass Energy
Conversion Technologies in China,” and (3) “Design for Market-Oriented Development Strategy of
Bioenergy Technologies,” and as a CD-ROM.

6 Inner Mongolia Hybrid Household Project – The University of Delaware and DOE/NREL
completed case studies on household and village power systems, including technical performance
and economic analyses of 41 households and three villages in 1997. Subsequently, in a pilot project
between DOE/NREL and the Inner Mongolia New Energy Office, 96 household PV/wind (450-
500 watt) systems were installed initially, with an additional 125 systems installed in 1999, and 120 in
the year 2000. The U.S. is providing U.S. PV modules for this project. As a result of this activity,
local officials in Dongwu County have completed a feasibility study and plan for 4,000 hybrid
systems to be installed over the next five years.

Annex II, Wind Energy Development in China – signed with the Ministry of Electric Power (now
SPCC) on October 25, 1996, focuses on accelerating sustainable large-scale development of wind power
in both grid-connected and off-grid village power applications in China. With support from DOE, NREL,
and the U.S. wind industry, the objectives of this annex are to demonstrate the technical and economic
feasibility of advanced wind energy technology and to enhance its commercialization potential for the
benefit of both countries. Cooperative activities include resource assessment, utility wind power plant
analysis, a finance workshop, wind/hybrid mini-grid analysis, project development and personnel exchanges
in training programs. Major projects include:

6 Wind Resource Assessment and Mapping – The DOE/NREL, in partnership with the U.S.
Environmental Protection Agency (EPA), completed a southeast China wind resource assessment
and mapping in 1998 in the provinces of Jiangxi, Fujian, and the eastern half of Guangdong. The
mapping products are designed in highlight areas that are expected to have a favorable wind
resource and where specific wind energy projects are likely to be feasible. The most attractive wind
resource is found along the coastal area and on the offshore islands, particularly along the coast of
Fujian, where many excellent sites were identified by the mapping process. Verification of wind
resource estimates is continuing, using local electric power bureaus’ data and digital data collected
from nine anemometers supplied by the U.S.

6 Xiao Qing Dao Village Power Project – DOE/NREL and SPCC are currently developing a pilot
project using a wind/diesel/battery system to electrify 120 households on an island called Xiao Qing
Dao located in the Yellow Sea off Shandong Province. The DOE will provide four 7-kW wind
turbines, batteries, a 40-kW inverter, and spare parts. The SPCC will provide the diesel generator,
the turbine towers, foundations, buildings, and the distribution systems. In addition, the SPCC will
collect performance and operational data for DOE/NREL and the project is estimated to be com-
missioned in 2000.
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Annex III, Energy Efficiency  – signed with the State Planning Commission (now SDPC) on October
25, 1996, focuses on ten areas: (1) energy policy; (2) information exchange and business outreach; (3)
district heating; (4) cogeneration; (5) buildings; (6) motor systems; (7) industrial process control; (8)
lighting; (9) amorphous core transformers; and (10) finance. Both sides established 10 teams composed of
representatives from industry, government agencies, and energy association to address barriers and
opportunities. An Energy Efficiency Steering Committee Meeting, co-chaired by DOE and SDPC, was
held in 1997 to evaluate progress made in the past and to discuss future plans. Major activities include:

6 Electric Motor Systems – A DOE delegation conducted a Motor Challenge workshop on electric
systems in Beijing in May 1998, and a second workshop on pumping systems was held in November
1999. The SDPC plans to make this a national program in China.

6 Energy Efficiency Policy – China is currently implementing its Energy Conservation Law that
was signed on November 1, 1997. At China’s request, U.S. experts discussed implementation of
U.S. energy efficiency laws, policies, and standards, at a workshop in Beijing in December 1997.

6 Energy Efficient Buildings – An action plan for cooperation on energy efficient buildings has
been prepared.

Subsequently, a second Energy Efficiency Meeting was held in June 1999 in Beijing. The results of that
meeting were not available in time to be included in this report.

Annex IV, Renewable Energy Business Development – signed with the State Economic and Trade
Commission (SETC) on October 25, 1996, is implemented by the Center for Renewable Energy Develop-
ment (CRED), an organization under China’s SDPC. This Annex focuses on renewable energy policy
analysis and development, information exchange, business outreach, training, and project finance. Activi-
ties include:

6 Provincial Renewable Business Profiles – Two business development studies have been
performed in partnership between CRED and NREL. The first study conducted in late 1996,
described factors that influence the deployment of renewable energy in six provinces (Gansu, Inner
Mongolia, Qinghai, Shangdon, Xinjiang, and Zhejiang). The second study conducted in 1998, in-
cluded four additional provinces (Guangdong, Jiangxi, Jilin and Yunnan) and discussed changes that
have been made under China’s government restructuring.

6 Chinese PV Industry and Technology Assessments – An evaluation of local PV businesses
and applications was conducted in 1998 and will be published in early 2000. This evaluation includes
local interviews with a large number of PV cell and module manufacturers, distributors, and integra-
tors. A review of the status of PV technology and industry development in China was conducted by
CRED and U.S. consultants.

Annex V, Electric and Hybrid-Electric Vehicle Development – signed with the Ministry of Science
and Technology (MOST) on November 18, 1997, is to promote cooperative activities on information
exchange; economic, environmental, and policy studies; and training.

6 Information Exchange – Two major collaborative visits occurred in 1997 and 1998. Both sides
have agreed that information exchange will be the top priority for the Phase I cooperation. Thus far,
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many publications and materials regarding electric vehicle infrastructure requirements such as
building codes and safety standards have been sent to the MOST. In 1999, a web site is planned to
disseminate additional information about electric and hybrid-electric vehicles.

Annex VI, Geothermal Production and Use – signed with the Ministry of Science and Technology
(MOST) on November 18, 1997, outlines cooperation in the areas of geothermal electricity generation
technologies, geothermal direct use, and geothermal heat pump infrastructure development.

6 Geothermal Drilling Assistance – DOE provided technical assistance in the areas of drilling
technologies and a geophysical survey, to the Tengchong Geothermal Project in Yunnan Province in
September 1998, where China intends to build a 10-MW demonstration geothermal power plant.

6 Geothermal Heat Pump Project – China has proposed using geothermal heat pump (GHP)
technology for three demonstration sites (Daqing, Shanghai, and Guangzhou) in three commercial
buildings totaling 3.4 million square feet. DOE has agreed to provide technical assistance in feasibil-
ity studies and training in exchange for China’s commitments to purchase U.S.-made equipment for
the project. A comprehensive feasibility study using GHP systems in three temperature zones in
China was completed in August 1999.

Conclusion

The United States and China are the two largest energy consumers in the world, and have mutual interests
to develop bilateral cooperation, which can build a partnership in achieving common energy security,
environmental, and economic goals. Much progress has been made in developing the Protocol Agreement
into a framework for cooperation and in the research and development work aimed at accelerating the
introduction of renewable energy and efficiency technologies in China. Six technical annex agreements
have been developed and are underway. Through these agreements, there have been numerous valuable
information exchange visits involving government and industrial firms from both countries. More than 30
U.S. companies are discussing or actively developing business activities with counterpart organizations in
China. Pilot projects involving solar, wind, and geothermal energy; electric vehicles; and efficiency tech-
nologies are being deployed or planned, either directly under the Protocol Agreement or indirectly as a
result of contacts or technical assistance. One joint venture agreement has been signed and other com-
mercial ventures are being developed that should lead to increased economic cooperation and trade. The
results of the Protocol activities will lead to reduction of greenhouse gas emissions; opening new, clean,
and sustainable energy sources; improve energy efficiency; support rural electrification; and will encour-
age mutually beneficial business development.
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Introduction and Background
On February 25, 1995, the United States Department of Energy (DOE) and the State Science and

Technology Commission, now the Ministry of Science and Technology (MOST), of the People’s
Republic of China, signed a Protocol for Cooperation in the Fields of Energy Efficiency and Renewable
Energy Development and Utilization. Since then, cooperative activities have been defined with other Chinese
government agencies, and six specific Annexes to the Protocol have been developed and are now operating.

The Protocol grew out of a strong concern in both countries about environmental and sustainability issues
which result from increasing energy demand worldwide and in China specifically. Bilateral scientific and
technological cooperation should encourage clean energy use and support sustainable development, resulting
in mutual benefits to both countries in increased trade and economic development and energy security.

Results from the Protocol are benefitting both countries. Information is being exchanged for new and
advanced technologies involving solar, wind, biomass, energy efficiency, transportation, and geothermal
technologies. For selected technologies, mutually beneficial technology exchange is resulting in the deploy-
ment of pilot projects in China. These efforts support the goals of using clean energy and sustainable
development. More than 30 industrial firms in United States and an equivalent number in China are
involved in Protocol activities, resulting in good prospects for new business development and joint ventures.
Since the program began in 1995, both countries have spent approximately $2 million USD, and are
already achieving environmental benefits and business development results.

This report represents the first progress report on work underway in the areas of renewable energy and
energy efficiency under the Protocol Agreement. Specific topics discussed in the report include activities
planned, underway, and completed in the following areas: Annex I on Rural Energy Development, Annex
II on Wind Energy Development, Annex III on Energy Efficiency, Annex IV on Renewable Energy
Business Development, Annex V on Electric Vehicle and Hybrid-electric Vehicle Development, and
Annex VI on Geothermal Energy Production and Use.

In October 1997, in conjunction with the first Summit meeting between President William Clinton and
President Jiang Zemin, then U.S. Secretary of Energy, Federico Peña and Zeng Peiyan, Executive Vice-
Chairman of China’s SDPC, signed a joint statement called the “Energy and Environment Cooperation
Initiative.” The joint statement supports the goals of the U.S.-China Forum on Environment and Develop-
ment, co-chaired by Vice President Al Gore and Premier Zhu Rongji, in advancing environmentally sound
responses to help meet China’s energy needs in a way which addresses local, regional and global environ-
mental concerns, including climate change. The goals of the five-year Initiative are to strengthen bilateral
cooperation and advance the role of the private sector in China’s energy development through enhancing
technical cooperation, to promote reforms and improvements in energy policy and investment climate, and
to encourage private sector investments. The Initiative is implemented through established protocols and
agreements, including the Protocol for Cooperation in the Fields of Energy Efficiency and Renewable
Energy. Priorities for cooperation identified in the Initiative are: urban air quality, clean energy sources,
energy efficiency, and rural electrification.

Energy and environmental issues were again discussed during the visit of President William Clinton to
China in late June 1998. President Clinton pointed to the importance of this area in a speech on the
environment presented during his visit to Guilin, China on 2 July 1998. He said, “In October at our summit,

1.0
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Figure 1. U.S. DOE and Commercial Renewable Energy Project Sites in China

President Jiang and I oversaw the beginning of a joint initiative on clean energy. This week we have made
important new progress. We will provide China assistance to monitor air quality. We will increase our support
for programs that support renewable energy sources to decrease China’s dependence on coal.”

As a result of those discussions and meetings with various Chinese government agencies, the DOE agreed to
continue support for the Protocol and for renewable energy bilateral cooperation during the 1998 and 1999
Fiscal Years. Work under the six Annexes to the Energy Efficiency and Renewable Energy Agreement
includes training, workshops, and business development activities for wind, solar, biomass, geothermal, electric
vehicles, rural electrification, and energy efficiency. Details on these programs are discussed in this Report.

The first Protocol Working Group Meeting was held in Washington, D.C., on November 4-5, 1998. This
meeting was co-chaired by Shi Dinghuan from the Chinese Ministry of Science and Technology and Allan
Hoffman from the U.S. Department of Energy. In his welcoming address, Brian Castelli from the DOE,
Office of the Assistant Secretary for Energy Efficiency and Renewable Energy, noted that this was the first
meeting of a joint working group between the two governments aimed at developing new energy sources that
are both environmentally beneficial and supportive of sustainable development objectives for energy use. The
meeting reviewed progress under the Protocol and laid out plans for the future. See Figure 1. The Chinese
delegation also visited several industrial renewable energy project sites in California.
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Why China is Interested in
Renewable Energy and
Efficiency Technologies
China has abundant renewable energy resources and is aware of its environmental problems and

energy supply issues. China’s energy conservation efforts began in the early 1980s, mainly to address
energy shortages throughout the country. In 1990, the National Climate Coordinating Group was created to
study policy issues and interagency coordination. Subsequently, China’s Agenda 21 Program [Reference
1] was created, defining a strategy to lead China on a sustainable development path in the 21st century.
Significant progress has been made on the Agenda 21 Program, which helped with work under the US-
China Protocol.

In China’s Agenda 21 Program, Chapter 13 was on “Sustainable Energy Production and Consumption”
and included sections on both developing renewable energy resources and improving the efficiency of
energy use. The part of the Program on the development of new and renewable energy included a detailed
estimate of available resources, specific development objectives, and activities needed to achieve them.
Following are examples of renewable energy sources and use [1 and 2]:

6 In 1993, biomass resources, in the form of crop residues, firewood, and other kinds of organic
wastes, supplied about 260 million tons of coal equivalent (Mtce). In rural areas, these fuels supply
44 percent of the overall energy consumption and 69 percent of the energy used in rural households.
Bioenergy potential, in the forms of solid, gaseous, and liquid fuels, is largely unused, especially in
the agronomous regions in the eastern and southern provinces.

6 Wind power resources are estimated to be 1,600 GW, about 10 percent of which is exploitable; at
the end of 1998, 223 MW of wind power plants were operating in China. The best wind sites are in
northern provinces and in coastal areas.

6 Geothermal energy resource potential is yet to be fully explored; known reserves are equivalent to
3,000 Mtce and about 0.3 Mtce is currently developed and in use.

6 The best solar resources are widely distributed over more than six million square kilometers,
especially in the northern and western provinces and some coastal areas in south China. Many sites
have annual sunshine over 600 kilojoules per square centimeter (kJ/cm²/yr). This is comparable to
the best solar sites in the U.S.

In 1995, there was increasing concern about the environment and there were many separate groups and
agencies developing new and renewable energy technologies, under the Sixth Five-Year Plan. These R&D
efforts were summarized by the Chongqing branch of the Institute of Scientific Information of China, with
data from MOA, SETC and SSTC. This information was published in a book [2] that was widely distributed
in and outside China and served as the basis for work done under subsequent Five Year Plans.

2.0
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Agenda 21 also focused attention on improving energy efficiency and conservation. These efforts have
lead to big improvements in energy efficiency. Energy intensity, measured by primary commercial energy
consumption per unit of GDP, has dropped 50 percent since 1980, or 4.5 percent per year. However,
China’s energy intensity is still three times higher than the U.S. [3] and further improvements in efficiency
are urgently needed.

China’s primary energy demand has doubled since 1980, with the energy consumption shifting toward
electricity and gaseous fuels. Except for the recent downturn, China has been experiencing major eco-
nomic expansion, similar to the general and rapid economic growth occurring throughout the Pacific Rim
countries of Asia. Growth in China’s GDP between 1980 and 1990 averaged 9.5 percent. GDP growth
peaked in 1992 and 1993 at 13 percent per year, with growth in the industrial sector of some selected
“special economic zones” in southern China more than 20 percent per year. More recently, growth has
moderated. In 1998, China’s real GDP grew 7.8 percent, which is consistent with the government goal of
8 percent annual growth projected to continue through 2015. China’s restraint on economic expansion has
been effective in controlling inflation, which was estimated to be 5 percent in 1997, -0.9 percent in 1998,
and 2.5 percent in 1999. Both controlling inflation and significant GDP growth are expected to continue to
be government policy goals for the foreseeable future [4 and 5].

Economic expansion results in many stresses and strains on the Chinese government and industrial infra-
structure. Until recently, energy related challenges included: increased demand for electricity and lagging
power plant and electricity grid system construction; need for coal, gas, or other energy sources and the
means to mine, transport, and process these fuels; increased fuel consumption and the resulting air and
water pollution; and unprecedented need for venture capital and commercial financing balanced by
concerns about financial stability and balance of trade. Currently, China’s electric power industry is
experiencing an oversupply situation, due in part to slower economic growth as a result of Asian economic
problems and to over building power plants in some areas. Renewable energy development and energy
efficiency affect some of these issues in ways that are discussed below.

Concurrent with economic expansion was a need for new electrical generating capacity, both to meet new
needs for industry, commerce, and a growing middle class of consumers and to fill a persistent gap be-
tween supply and demand. There was and still are chronic shortages of electricity in rural regions of China
and one-third of the country lacks comprehensive grid coverage. In order to meet the need for new
energy, the SPCC, in Beijing, supported an aggressive program of new power plant construction, with a
goal of installing an additional 16 GW of new electrical generating capacity annually over the period from
1995 to 2000 [4]. This rate of expansion has at present been curtailed (1999) but new electrical generating
capacity additions can be inevitably expected in the future.

Most of the near term planned electricity generating capacity expansion for China is expected to be met
using coal-fired steam turbines in the 300 MW to 600 MW range, greatly increasing the reliance on coal
for electricity production in the near future. Coal is gaining as the primary commercial energy source in
China, rising from 74 percent in 1980 to 78 percent in 1995, compared to 24 percent worldwide in 1996
according to the International Energy Agency. Thus, China is uniquely dependent on a single energy
source and is second only to the United States in coal consumption. Electrical generation is mainly from
coal (about 75 percent), but consumes only 29 percent of coal burned in China today. By the year 2010,
the World Bank projects that 40 percent of the country’s coal production will be used to generate electric-
ity. Coal production in China today is about 1.2 billion tons per year [3]. Together China and U.S. con-
sumed more than half of the coal used worldwide for electricity production during 1996, according to the
International Energy Agency [http://www.iea.org/stats].
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Reliance on coal comes at a high price. Together coal and oil represented 93 percent of commercial
energy use in China in 1991, producing more than 600 million tons of CO2 emissions, or about 10 percent
of the world’s total. Coal burning produced 85 percent of China’s total CO2 emissions and 87 percent of
total NOX emissions in 1991. The primary cause of urban air pollution in China is coal combustion for
space heating. Pollution concerns are not limited to mainland China. For example, the Ministry of Interna-
tional Trade and Industry in Japan announced in 1994 that it will support several reconstruction projects in
the city of Shenyang in Liaoning Province in China, to help reduce acid rain in Japan.

Air pollution problems in China, which are some of the worst in the world, are further aggravated by rural
households burning coal for heat and cooking, along with inefficient combustion of 173 million tons of fuel
wood and 298 million tons of dry crop straws and stalks. Urban air pollution from vehicles, in the form of
hydrocarbons, carbon monoxide, and nitrous oxides, is also increasing with vehicle registrations expanding
12-14 percent each year since the late 1970’s [3].

Coal is also an infrastructure burden. More than 50 percent of China’s rail transportation is used to
transport coal from the production centers in the north and west regions of the country to the densely
populated areas in the east and south. Reliance on coal for electricity production has forced China’s
strategic planners to incorporate major infrastructure projects in their electric capacity expansion plans for
new railroad and coastal port facilities, and the building of power plants at coal mine sites (mine-mouth
plants) with power transmission over several major new east-west and north-south transmission line
corridors [5].

China’s petroleum industry is going through major changes and facing large increases in consumption,
mostly in the transportation sector. Since 1993, consumption of oil has exceeded domestic production and
China has been a net oil importer. The 1998 reorganization of the two state owned oil and gas corpora-
tions, strengthened control over the two vertically integrated regional entities [4].

There is also a need for rural electrification. In 1998, there were 60 million people living below the poverty
level in China, with most having no access to electricity. To accelerate the process of alleviating this abject
poverty and improve the quality of life for these people, one effective measure is to utilize the rich renew-
able energy resources. In many cases, wind and solar energy resources are abundant in rural regions of
China with urgent energy needs and a lack of conventional electricity supply grid.

Not surprisingly, there is a significant and growing interest in China in developing renewable energy and
energy efficiency technologies to help meet energy demands and mitigate environmental problems. China
has an abundance of renewable energy in the form of biomass, hydro, solar, wind, geothermal, and ocean
tidal resources. China is already one of the world’s largest users of renewables, primarily in the form of
biomass and hydroelectric power. The central government in Beijing through various commissions and
ministries has active programs for developing renewable energy in all of the areas mentioned above.
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Protocol Activities
3.1 Annex I – Developing Cooperation in Rural Energy Development

The DOE and MOA signed Annex I, Developing Cooperation in Rural Electrification on June 27, 1995, as
the first area of active cooperation and project development under the Energy Efficiency and Renewable
Energy Protocol. The objectives of Annex I are to promote sustainable development in rural areas of
China by accelerating the deployment of renewable energy systems, to demonstrate the technical and
economic feasibility of these technologies for rural inhabitants, and to the facilitate formation of links
between the Chinese and U.S. renewable energy industries. The scope of the Annex allowed for, but is
not limited to, work on:

6 Biomass gasification/electric power generation at the village level,
6 Medium and large-scale biogas plants,
6 Solar photovoltaic and solar hot water heater technologies,
6 Small wind turbines, and
6 Small hydropower and micro hydropower systems.

To date, the major projects supported to date under Protocol Annex I include: (1) a solar home system
project in Gansu Province; (2) provincial household surveys for market characterization and rural electrifi-
cation options analyses in Inner Mongolia, Xinjiang, Qinghai, and Gansu; (3) a remote household wind/solar
hybrid system project in Inner Mongolia; and (4) development of a national biomass resource data base for
China with corollary assessments and analyses. Details of these project activities are given in the following
sections.

3.1.1 Solar Photovoltaic and Wind Hybrid Rural Electrification Systems Technology Descriptions

Solar photovoltaic energy technology, called “photovoltaics” or “PV,” employs solid-state semiconductor
devices with no moving parts, that convert sunlight into direct-current electricity. Wind energy technology
uses turbines to convert the kinetic energy in the wind into alternating or direct-current electricity. These
technologies can be used individually, or in hybrid combinations with diesel electric generators, or con-
nected to the electricity grid.

Solar and wind resources are vast and widely available in most areas of China. Solar energy is the most
widely available energy resource in the country, especially in the north and western regions and in coastal
zones and on off-shore islands. If harnessed, solar resources could meet the entire Chinese electricity need.
However, such large scale use is not economically practical today. Wind resources are also geographically
diverse and abundant. This resource is discussed in more detail under Annex II, later in this report.

Projects under the Annex I Agreement have focused on deploying small solar and wind power systems for
lighting, communications, micro-enterprise, refrigeration, and other similar low-power applications. As a
result living standards and quality of life of rural populations have been substantially improved in the areas
that previously had no access to electricity.

There is a large market for small-scale, off-grid wind and photovoltaic power generators in northern and
western China, and for inhabited coastal islands. The World Bank estimated that in the five northern and

3.0
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western provinces and autonomous regions of Qinghai, Tibet, Inner Mongolia, Xinjiang, and Gansu alone,
there is a minimum of 2.2 million unelectrified households that are located in regions of China where grid
power does not exist [11]. For more than 300 inhabited islands and potentially several thousand uninhabited
islands which could be populated along the coast of China, the development of grid power in the near term
is also not feasible. Renewable energy is one way to meet some of this need.

3.1.2 Gansu Province Solar Home System Project

Initial U.S.-China cooperation for rural electrification activities in China focused on the development of
solar home system applications for western China. Generally, solar home systems in China for individual
households start at 5 watts and can be 150 watts or larger. A typical solar home system in northwestern
China consists of a 20 watt crystalline silicon PV module (Figure 2), a charge controller, a 38-ampere hour
sealed lead-acid battery, two 8-watt compact fluorescent lamps, and necessary wiring. The retail price
range of such systems is 1,800 to 2,400 RMB ($219 to $290 US), but the higher price systems are much
higher quality and reliability. Many herdsmen and farmers can afford to buy these systems that provide
light for children to read and study at night. Communication, via television and radio, is a prized addition
and in some cases, a refrigerator and washing machine are purchased by more wealthy families [8].

The Gansu project is being implemented by the Solar Electric Light Fund (SELF) in Washington, D.C. and
the Gansu Solar Electric Light Fund (GSELF) in Lanzhou, Gansu, and builds upon work previously con-
ducted by these organizations. The objective of the project is to provide electricity to more than 600
remote homes and schools during the course of the project and to help to build an infrastructure for
sustainable technology deployment. Technical assistance for capacity building includes: support for the

development of a distribution network for sales and service, a
comprehensive training program, and experimental financing of
systems through cash and credit sales. As of the fall of 1998, 320
systems had been installed in the joint U.S.-China project and
another 275 systems had been installed by GSELF with the support
of the Gansu Provincial government. In addition, ten 53-watt PV
school systems using Solarex modules had been installed.

The lack of credit experience in rural China necessitates continued
experimentation with installment credit terms to develop a func-
tional credit system. The Gansu project is directed toward poor
communities in rural Gansu, using limited subsidies that are being
phased out during the course of the project. The province of Gansu
has among the lowest annual income levels in all of China for
remote farming communities. A revolving-fund account has been
set up at the Lanzhou Branch of the China Construction Bank by
SELF and GSELF to leverage the project by using customer
receipts to purchase more systems.

The demonstration projects and infrastructure developed under this
program are models for similar activities in other regions and
government and private agencies throughout China. The State
Council Office for Poverty Alleviation and Rural Development in
Beijing is a key funding partner working closely with MOA. This
Office has a primary responsibility for rural development projects in

Figure 2.  A typical solar home
system in Gansu Province in
western China
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China and spends more than $1 billion (U.S. dollars) per year on rural infrastructure projects. The Gansu
project is providing a mechanism for introducing the support of renewable energy technologies into the
strategic planning activities.

A barrier to the widespread deployment of PV in China has been the variable quality of modules and
balance-of-system components. Quality control was introduced through component testing and system
monitoring during the Gansu project. NREL provided three PV modules previously calibrated under
standard test conditions, for use as secondary testing standards in quality control protocols. Also, an
extensive training program was included in the Gansu project to train users and installers and teach
marketing techniques to village technicians and rural energy officers. The seminars taught basic principles
of solar electricity as well as PV design, installation, and maintenance. As a result of the Gansu project,
MOA is establishing a regional testing and training center in Lanzhou. MOA has rural energy offices in
1,800 of the 2,300 counties in China that could be involved in future projects.

3.1.3 Inner Mongolia Household PV/Wind Hybrid Systems Pilot Project

The Inner Mongolia Autonomous Region’s (IMAR) government has been aggressive in developing
renewable energy resources for both grid-connected and off-grid applications. Over the past 10 years,
more than 120,000 households have been electrified with small wind generators in the range of 100 to 300
watts. In addition, more than 7,000 small PV systems (total of 120 kW) have been installed in remote
households. However, there are still more than 300,000 remote households, 1,100 villages, and 198 town-
ships that are unelectrified in remote rural regions of IMAR. By the year 2000, the New Energy Office of
IMAR plans to install 25,000 remote household systems using wind, PV, and wind/PV hybrid systems and
in the longer term a total of 80,000 systems throughout IMAR. The use of subsidies for rural systems is
being phased out and commercialization based on market forces is being encouraged. The rural population
of Inner Mongolia, consisting of herdsmen and farmers, has among the highest annual income levels of the
rural populations in China.

Annex I cooperation is assisting the New Energy Office of the Science and Technology Commission in
Hohhot in the development and deployment of PV/wind hybrid household systems in Inner Mongolia.
Other partners include the Inner Mongolia Polytechnic Institute, the University of Inner Mongolia, the
Chinese Academy of Sciences in Beijing, the Shangdu Machinery Company in Inner Mongolia, and the
JiKe Company in Beijing.

Renewable Energy Options Analysis – In the first phase of the cooperation in IMAR, the University
of Delaware, NREL, and the Inner Mongolia team completed a levelized cost analysis of rural electrifica-
tion options for several counties. The analysis compared renewable energy options with conventional
gasoline engine driven generator sets based on local renewable resources and costs [10]. Beginning in
1995, NREL, the Center for Energy and Environmental Policy at the University of Delaware, and the
Chinese Academy of Sciences in Beijing initiated a case study analysis of rural electrification options in
IMAR. The project was conducted in cooperation with the Planning Commission and the New Energy
Office of IMAR, which are the two key agencies responsible for renewable energy planning. Other
participating organizations included the University of Inner Mongolia, the Inner Mongolia Polytechnic
University, and several local companies.

The case study project involved levelized cost analyses of existing systems in four counties in the central
and northern regions of IMAR, including Si Zi Wang, Su Ni Te You, A Ba Ga, and Dong Wu Zhu Mu Qin
counties. Solar and wind resource data were collected from the four counties and performance/load data
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were collected from 10 PV systems, 22 wind systems, and 6 PV and wind hybrid systems, which were in
the 22 to 600 watt range. Two sizes of gasoline engine driven generator sets, common for household and
ranch use, in the 450 to 500 watt range were evaluated for comparison.

The results of this first phase of the case study, the levelized cost-of-energy analyses, are shown in Table 1.
For the types of systems currently being deployed for stand alone electrical generation in rural areas of
IMAR, wind generators are the least-cost option for household electricity in the four counties. Small wind
generators in the 100-, 200-, and 300-watt size range are manufactured locally in IMAR for the household
market. The levelized cost of energy for small PV/wind hybrid and PV systems is higher than the cost of
electricity generated by wind systems, but all of these renewable systems options result in a significantly
lower cost of electricity compared to gasoline engine generator sets [7 and 9].

Study results show that designing optimized wind/PV/battery-storage hybrid rural household systems
depend primarily on the local wind/solar resource mix and on the annual electric power demand for a given
household-load. Normally, hybrid systems are more reliable and economical than wind or PV systems
alone. The use of small wind/PV hybrid systems for remote-household electricity is attractive because of
the complementary seasonal solar and wind resources.

The New Energy Office of IMAR and the Inner Mongolia Planning Commission are developing plans for
expanding the use of wind/PV hybrid systems by remote herdsmen’s families for household electrification.
NREL and the Center for Energy and Environmental Policy at the University of Delaware are providing
technical assistance to these agencies in optimizing the design of such systems. Based on annual income
levels, two types of systems are receiving attention. Hybrid systems in the 400 to 500 watt range are being
developed to serve household loads that include lighting, a color television set and radio, a small washing
machine, and a small freezer, requiring approximately 1.6 kWh per day of energy. Smaller systems in the
150 to 200 watt range are being developed for intermediate-income-level households that provide approxi-
mately 0.6-0.7 kWh per day for household loads that do not include a freezer or washing machine. A pilot

Table 1. Levelized Cost of Energy Values for Rural Electrification Options in Inner Mongolia

System Output range
(kWh/yr)

200-640

120-240

400-750

560-870

660-730*

480-560

Levelized cost based on
battery lifetime from field

analysis ($/kWh)

0.50-0.63

0.77-0.83

0.57-0.72

0.43-0.57

0.76-0.80*

1.16-1.27

Levelized cost based
on Mfr. quoted battery

lifetime ($/kWh)

0.24-0.37

0.67-0.73

0.31-0.46

0.32-0.46

0.76-0.80*

1.09-1.19

Wind only

PV only

Small hybrids

Large hybrids

Gen-sets (not serving
continuous duty cycle
applications)

Gen-sets (serving continu-
ous duty cycle applications)

Source: University of Delaware. [10] *These estimates are based on systems configured without storage.
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project based on remote-
household hybrid systems is
discussed below. The results
of this pilot project will be fed
into the planning process for
the larger 25,000 and 80,000
remote-household projects by
the IMAR government. A
system monitoring component
of the project will place data
acquisition systems in several
households to collect system
performance data and solar
and wind resource data.

Pilot Projects for Home
Based Solar/Wind Systems–
Current cooperation with Inner
Mongolia is focused on
completing the installation of 240 PV/wind home based systems during 1999. The typical demonstration
system consists of: (1) a 100-watt wind turbine combined with 50-70 watts of PV or (2) a 300-watt wind
turbine combined with 150-200 watts of PV, with battery storage. These systems are capable of delivering
0.6 kWh/day and 1.6 kWh/day, respectively, with high reliability. The systems provide energy for lighting,
color television, consumer electronics, and some discretionary load. Systems of 450-500 watts (Figure 3)
can also maintain a refrigeration load. Food storage by freezing is a major driving force for larger system
development, even in colder climates. Summer is very hot in Inner Mongolia which borders on the south-
ern edge of the Gobi desert.

An attractive option for household systems resulting from the analysis and prior research in Inner Mongolia is,
PV/wind hybrid systems with battery storage. These systems are more reliable than PV or wind systems
alone because of the seasonal wind and solar resources, with wind relatively more available in winter months
and solar relatively more available in summer months. Analyses show that wind, PV, and PV/wind hybrid
systems are lower-cost options for rural energy systems than fossil-fueled generators [7 and 9].

3.1.4 Expansion of the Solar Home System Project

Building on the successful projects in Gansu and Inner Mongolia, with technical and planning assistance
from DOE and NREL, the MOA initiated a new 10,000 solar home system project in 1998. This will be
conducted in six northwestern provinces and autonomous regions: Xinjiang, Qinghai, Gansu, Inner
Mongolia, Ningxia, and Shaanxi. After the government restructuring in 1998, the implementation of this
project has been transferred to local government authority. An additional impact of restructuring, was the
transfer of the authority for managing Annex I activities in the MOA from the Chinese Department of
Environmental Protection and Energy to the Department of Science and Education.

In parallel with the 10,000 solar home system project, a market characterization survey is being conducted
in Qinghai and Xinjiang Provinces. Five counties were selected in each province for collecting data. All ten
counties are also members of the National One Hundred Counties Integrated Rural Energy Development
Program. The survey is designed to collect a statistical sampling of rural household data in each province

Figure 3. 500-watt PV/wind hybrid household system in Inner
Mongolia. Courtesy of Wang Sicheng, JiKe Company.
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to characterize households in terms of socioeconomic parameters, including family size, income levels,
potential electricity needs aimed at assessing willingness to pay for household systems. Technical data is
also being collected on performance of operating rural electrification systems; electricity production; fuel
consumption; wind; and solar, wind, and other meteorological data, to conduct rural electrification options
analyses. Through the survey, the market potential for PV/wind home system applications in the targeted
provinces will be better understood and the social and economic factors affecting the sustainable deploy-
ment of renewable energy technology will be evaluated. Finally, the priorities for PV/wind home systems
development in northwestern China will be determined.

The Department of Science and Education in the MOA is responsible for the day-to-day work of the
project. MOA established a steering team and an expert team for the project. The Department of Science
and Education heads the steering team. Team members include personnel from the State Council Office of
Poverty Alleviation and Development, the Center for Energy and Environment Protection under the MOA,
and the heads of the rural energy offices in the six northwestern provinces. In the U.S., the University of
Delaware, will be responsible for data analyses and assessments, in collaboration with the expert team in
China.

The functions of the project steering team in China are to formulate measurements for completion of the
project objectives; to provide guidance for the project; to coordinate the central and local government and
institutional project participants; to ensure the successful implementation of the project; and to organize the
necessary working meetings, training activities, and workshops. The Institute of Energy and Environment
Protection under Chinese Academy of Agricultural Engineering chairs the expert team. The working team
for the project includes national experts on PV and renewable energy technologies, economics, and local
administration officials.

The survey and analyses will be completed by the end of 1999. The surveys also complement an expan-
sion of the survey work done in Inner Mongolia and will be supplemented by a survey of the solar home
systems and households installed in the joint project in Gansu.

3.1.5 Information Exchange Workshop

A workshop focusing on the use of small wind and solar-photovoltaic technologies for rural electrification
in China was held on September 16-18, 1998, in Beijing. The workshop was jointly funded by the DOE, the
Asia Pacific Economic Cooperation Program, and the Chinese MOA, with the assistance of the Center
for Renewable Energy Development (CRED) in Beijing. The objectives of this workshop were to: (1)
provide information to U.S. and Chinese businesses on rural electrification opportunities and plans for
China, (2) provide a forum to facilitate networking of U.S. and Chinese company representatives, and (3)
develop a strategy for fostering U.S.-Chinese joint venture and other business activity in rural and remote
renewable energy electrification in China. The workshop was attended by over 70 Chinese and U.S.
business, government, and NGO representatives. U.S. participants included: Solarex, Siemens, ASE
America, EPV, USSC/ECD, Ascension Technology, SELCO, WINROCK, Bergey Wind Company,
Atlantic Orient Corporation, and several rural electrification experts. There were more than 15 Chinese
companies in attendance.

3.1.6 Biomass Systems – Technology Description

The use of biomass energy conversion technology can be categorized as direct burning, physical conver-
sion, bioconversion, liquefaction, and solid waste processing technologies. Each of these classifications can
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be further divided into particular processes shown in Figure 4. Research being done under Annex I of the
Protocol is concentrated in three areas: technology for large and medium-scale biogas projects on animal
farms, technology for thermolysis gasification of biomaterial such as agricultural residues, and on technol-
ogy for the treatment of urban solid waste (garbage) [12].

Biomass resources are most extensively available and in use in the heavily populated regions in eastern
and southern China. In 1996, about 220 Mtce, or 14% of China’s total energy consumption came from
biomass sources including wood, crop residue, animal waste, and other forms [12, Chapter 1]. Bioenergy
use declined slightly from earlier estimates, as coal and electricity use increased. However, in rural areas
biomass supplied 38% of overall energy consumption and 77% of fuel used on farms [14, Chapter 5]. In
many parts of China, the biomass resource is sufficient to supply village-scale energy systems for both
thermal and electrical energy.

There has been substantial growth in the agricultural sector in China. As the population grows there is
need for more efficient and productive farming processes (if China is to remain a net exporter of food
products). To date grain production has kept up with population growth [6]. Farm animal production has
also grown dramatically. Examples of annual average increases are shown in Table 2. Agricultural growth
is producing increased biomass wastes and resulting in an increasing demand for energy in the farming
business sector. Improving standards of living are causing increased demand for many products. People in
the cities are favoring lean pork and fresh eggs. Milk is no longer regarded as a luxury food. These trends
are expected to continue, and resulting energy demand expansion and pollution will become more serious
issues. [17]

Figure 4. Categories of Biomass Energy Conversion Technologies
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The DOE, NREL, and the MOA are
working together to evaluate the
commercialization of biomass energy
conversion technologies in the
framework of a market-oriented
development strategy. The initial
phase of the cooperation involves
assessing the market size, technology
status, and the potential for biomass
power projects in China. Information
from phase one will then be used to
formulate policies and design invest-
ment strategies, accelerating the
pace of market-oriented development

and implementation of biomass energy technologies. Resource availability is being characterized by
developing a database of the mainstream resources. These resources include agricultural crop residues,
animal waste, sugarcane residues, fuel wood, and urban wastes. A geographic overlay at the provincial
level, and at the county level in high potential areas, is applied to the resource data to create an initial GIS
(geographical information system) database.

3.1.7 Biomass Resource Assessment

China has abundant biomass resources, fourth largest after coal, oil, and natural gas. The energy resource
in rural agricultural discards (e.g. straw and stalks) is estimated to be 308 Mtce every year. Firewood
resource is 130 Mtce. Together with animal excrement and city waste, the total biomass resource avail-
able annually is likely to be more than 650 Mtce, which is nearly half of the total energy consumption in
China in 1995. [14, Chapter 1]

As much as 38% of the energy used in China’s rural areas comes from biomass in the form of fuel wood,
straws and stalks, and animal residues [12]. Most of this bioenergy is produced and consumed for the daily
living needs of about 700 million rural inhabitants. However, as people’s incomes rise, so does demand for
“modern” fuels that are cleaner and more efficient for cooking and heating. It appears that current forms
of biomass and bioenergy use will decline and the use of LPG and kerosene will increase. Modernization
of biofuels would offset increasing rural area fossil fuel use, improve the environmental performance of
biofuels, and retain incomes and jobs in rural areas [13 and 14].

Data from research and analysis of existing Chinese demonstration projects contains a wealth of informa-
tion on bioenergy technologies. Technologies of special interest that are being studied under the Protocol
agreement include: (1) biogasification technologies on a medium and large scale for combined heat and
power, utilizing manures, (2) biogas technologies for treatment of urban solid wastes including landfill
power generation, and (3) thermal gasification technologies for the integrated production of gas for
cooking, industrial/community uses, along with combined heat and power the utilizing agricultural wastes.
Case studies for major technologies at selected sites have been prepared that account for: (1) social,
energy, environmental, and developmental strategies of selected project locations, (2) attitude and capacity
of local government and inhabitants to support projects, (3) project financial and economic analysis, and (4)
comparative analysis of grid-connected and stand-alone options for projects.

Table 2. Growth Rate in Farm Animal Production

Source: Chapter 2 in Ministry of Agriculture Report, Assess-
ment of Biomass Resource Availability in China, 1998 [14].

Annual Average Growth Rate (%)

Cattle

Pigs

Chickens

1980-1984

4.7

6.5

20.5

1990-94

6.5

8.0

22.9

1985-1989

3.8

5.0

19.8



Protocol Activities  21

3.1.8 Biogas from Animal Waste Project

Excrement from animals can be processed in large anaerobic digester tanks to produce combustible biogas,
fertilizer, and water emission. This process is shown in Figure 5. In China, during the 1970s and early 1980s,
biogas plants were built on animal farms primarily to alleviate energy shortage in rural areas. Now, however,
both the United States and China have significant environmental challenges as a result of intensive livestock
production and industrial processes (e.g. distillery) that create high COD and BOD (Chemical and Biological
Oxygen Demand) waste streams that often end up in rivers, lakes, and estuaries. This situation can deplete
natural dissolved oxygen, resulting in algae blooms and negatively affect fishing and drinking water. The
anaerobic digestion process can reduce the organic matter in the waste streams by up to 90%.

China has developed over 460 large scale anaerobic digestion units that produce 20 million cubic meters
(m3) of biogas annually, supplying 56,000 homes and 866 kW of electric power generation. Waste process-
ing developments and the operating experience base are of potential interest in the United States. Conse-
quently, an area of joint research is to determine the commercial viability of biogas production facilities.
The modern production process is described in Figure 5. Animal fecal material is the primary input, with
biogas, vegetable fertilizer, fish feedstock, grass fertilizer, and potable water as outputs.

One of the Biogas pilot projects is located at the Xinghuo breeding farm near Shanghai. This farm covers 22
km² and employs 6,600 people. The cow manure output is used to produce about 0.75 million m3 of biogas
annually, enough to meet the cooking and hot water needs of 3,200 households and 14 restaurants. This type
of project may have numerous applications in the United States and around the world.

Figure 5.  Flow Chart of Typical Animal Waste Biogas Demonstration Project
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3.1.9 Biomass Gasification from Crop Straw Project

Co-firing of straws and stalks (Figure 6) with coal is an important area of cooperative research under this
Annex. The increasing surplus of agricultural residues and their poor disposal by field burning is causing
environmental problems. In provinces that have extensive coal fired electricity generation and also have
large industrialized grain production such as Heilongjiang, Jilin, and Liaoning, the MOA has proposed that
co-firing be investigated. Joint studies between MOA and NREL are expected to lead to pilot projects
involving the power bureaus. Technical exchanges from similar projects in the U.S. are being conducted
with China to evaluate project economics and technical issues.

Another approach is to convert biomass into
gaseous fuel through a thermochemical
gasification process. The basic principle is to
heat biomass materials sufficiently to break
the chains between organic carbon-hydrogen
compounds with high molecular weight and
decompose them to gaseous hydrocarbons
with light molecular weight, such as carbon
monoxide or hydrogen. This kind of conver-
sion will change the biomass material into a
form that can be used more conveniently.
The product also has a much greater energy
conversion efficiency than direct combustion
of solid biomass. From Table 3, we can see
the gasification features of various biomass

fuels and coal. Also, it is clear that coal is an attractive fuel with a much higher energy content in both
solid fuel and gaseous forms.

There are three typical gasification techniques: distillation, rapid pyrolysis, and gasification. The first two
are suitable for pyrolysis of wood or wood chips; the last is for gasification of stalks of crops such as corn
and cotton. Because of the wide distribution of crop stalk resources, and the rapid increase in demand for
clean, convenient rural energy, research is focused on gasification technologies [18].

Shandong Academy of Sciences developed crop stalks-based biomass gasification and centralized gas-
supply system technology. In this process crop stalks are converted into combustible gas with low caloric
value in a down-draft, fixed-bed gasifier, then the particulates and tar are removed from the gas, and
finally the gas is delivered to households as living fuel for cooking through centralized gas-supply system in
a range of village units. See Figure 7. After more than 10 years of research, currently there are four
demonstration systems operating successfully in Dongpan, Zhangsan, Tengzhai, and Xunjia villages. Each
village system includes a crop stalk-based gasifier set, key equipment for a centralized gas-supply system,
gas pipeline facilities and their customers, household gas stoves, etc. After the first demonstration sites
were made operational in pilot villages, a total of 14 sets of gasification equipment have been disseminated
for use and are currently running in Shandong Province. This kind of gasification system with a scale of
100-200 households is also being demonstrated in other areas, including Beijing.

Figure 6. Straw and Stalks Agricultural Residue.
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3.1.10 Biogas from Municipal Refuse Landfills Project

Landfills are different from natural dumps. The natural dump is used to dispose of refuse in wastelands or
ditches without any cover or scientific disposal. Natural dumping was used in many cities in China prior to
the 1980s. The disadvantage of this technology is obvious. Due to exposure of the refuse to air; bad odors,
flies, mosquitoes, and mice proliferate ruining the ecological system near the dump site and endanger
public health. Meanwhile, percolating water, heavy metals, and other harmful pollutants decomposed by
microorganisms from refuse seep underground and pollute water resources.

Landfill disposal is a mature technology, developed to reduce environmental problems by preventing
secondary pollution while producing combustible gas. Biogas from landfills can be collected by pipeline and
used for power generation or chemical production. At present, 4,817 landfill plants have been built world
wide and are producing more than 5.1 billion m3 of biogas annually, equal to 2.4 million tons of crude oil.

Figure 7.  Configuration of Biogasification and Distribution System Demonstration Project
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Landfill is just one of the municipal refuse disposal technologies. Incineration is another process. Each
method has its own advantages and can be applied in different situations. Landfills are popular in many
countries because they are simple to operate, low cost, and suitable for various kinds of refuse and energy
recovery.

One of the goals of the research under Annex I is to help China introduce landfill technologies and to solve
technical and secondary pollution problems. Specific research efforts are aimed at reducing land area
requirements, improving efficiency and reducing leaching as follows:

6 Raising the height of landfill plants to save land and decompose refuse faster, producing biogas;

6 Adopt new materials and technologies to strengthen the under-pile impervious barrier and by
installing a sewage disposal system to prevent pollution to water resource;

6 Pipeline shaft drilling, pipeline construction, and condensed water removal;

6 H2S control;

6 Refuse leaching solution and biogas collecting pipelines are built to increase the biogas collecting
efficiency; and

6 Compacting the refuse to prevent air from entering the refuse and avoid aerobic reaction.

In general, along with the improvement of landfill technology and more operating experience, landfill
technology is maturing and information is being disseminated through the Annex activities on the following
technical topics:

6 Collaborative research, technical assistance, and scientist exchanges and

6 Technical publications and conferences.

The Chengdu Institute of Chinese Academy of Science is the leading organization developing landfill
technology in China. Their accomplishments include: completing the research of biogas production from
refuse anaerobic osmosis for 1985-1986, research of municipal organic refuse systematic disposal during
1987-1990, and a 160 m3 pilot-scale test. More recently, “harmless landfill” projects are being constructed.
Eight have been completed are in operation.

The use of landfill biogas is playing an increasingly important role in power generation. Combustion
equipment consists of internal combustion engines or turbines. Otto cycle internal combustion engines and
diesel engines are most commonly used. Gasifiers can be added to provide properly mixed gas to the
combustion engine for use in the landfill plant.. Gas turbines and steam turbines are also being applied in
some plants. The advantage of a gas turbine is its large output per unit weight, about 70-140 kW/ton, much
higher than 27 kW/ton for internal combustion engine and 10 kW/ton for steam turbines. Internal combus-
tion engines are lower cost however, and are used more in China while turbines are used more in landfill
plants in the U.S. In China, some small internal combustion engine generators are portable and are moved
from one landfill plant to another.
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Landfill research and development taking place in China is focused mainly on internal combustion engine
applications. Efforts are aimed at developing simple modifications for gasoline and diesel engines that can
potentially be manufactured in China as biogas engines. Although some landfill plants are successfully
operational in China, the landfill technology is generally very small scale. Research to date concludes that
the engine type used in landfill power projects will depend on the biogas production. Internal combustion
engines are suitable for capacities from 1,000 to 3,000 kW; if the needed capacity exceeds 3,000 kW, gas
turbines, with higher efficiency, are a better choice although they are more costly.

3.1.11 Village Scale Biogasification Power Projects

A major focus of the ongoing bilateral cooperation, is the use of biomass at the village level for electricity
production. One system that is being evaluated in detail consists of a thermal gasification unit that delivers
low calorific value cooking gas directly to households. This biogas, which is cleaned and cooled for
distribution, could also be used in efficient engines to generate electricity. One concept being evaluated is
the use of a Sterling motor at around the 25 kW output level. With technical assistance from NREL, three
case studies are being performed in three provinces in detail, including Zhejiang, Shandong, and Sichuan. A
techno-economic analysis of a gasification project using crop straw to produce cooking fuel at the village
level has been completed for Shandong, resulting in demonstration projects funded entirely by the Chinese
in 10 villages with an additional 24 being planned.

3.1.12 Reports

Three major bilingual reports have been published as a result of the bilateral cooperation for resource
assessment in China, including:

6 “Assessment of Biomass Resource Availability in China,” [14]

6 “Biomass Energy Conversion Technologies in China: Development and assessment,” [12] and

6 “Design for Market-oriented Development Strategy of Bioenergy Technologies in China,” [15]

A CD-ROM has also been produced containing a complete national biomass database developed during
the cooperative effort, entitled: “Evaluation of Commercialization of Biomass Energy Conversion Tech-
nologies and their Market Oriented Development Strategy.” These information products are available from
the NREL and MOA.
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3.2 Annex II – Wind Energy Development

The DOE and the Ministry of Electric Power (now called the State Power Corporation of China – SPCC),
signed Annex II in October 1996. The objective of Annex II is to promote the sustainable, large-scale
deployment of wind energy systems for both grid-connected and off-grid village power applications in China.
This is to be done by information exchange, training and demonstrating the technical and economic feasibility
of wind energy technology to enhance its commercialization in China for the benefit of both countries.

These objectives are being met through a variety of cooperative activities. The Annex II activities are in
three categories: (1) analysis and pilot project demonstration of various wind power applications, (2)
information exchanges, and (3) collaborative research and exchange visits. Activities are designed to
support China’s goals to install 1,000 MW of wind systems by the end of year 2000 and 3,000 MW by
2010 [20]. The DOE supports China’s goals and is hoping to create new business opportunities for the
wind industry in both countries.

Through NREL, the DOE has provided training and the exchange of technical information between U.S.
counterparts and Chinese Institutes entering the renewable energy field. Through this program, research-
ers and companies in the U.S., have learned about the electric power system in China. Chinese visitors
have gained first hand experience using American built wind turbines, laboratory equipment, and commer-
cially available software.

To date, four personnel exchanges have been completed on wind energy topics. Visiting scientists and
engineers were give specific research topics and sent to work at the National Wind Technology Center for
two to three month assignments. Specific training assignments were: (1) wind resource assessment and
data collection methods, and wind project planning techniques for two engineers from the SPCC’s Hydro-
power Planning General Institute, (2) economic analysis of large scale wind power plants connected to the
Northeast China grid done by an engineer from the Electric Power Research Institute for the SPCC, and
(3) a study of hybrid power systems using wind turbines for remote village power applications in Tibet by
an engineer from the Research Institute for Electrical Engineering of the Chinese Academy of Science.
To increase the involvement with U.S. industry, the Chinese visitors participated in the American Wind
Energy Association annual conference and attended the intensive one week Wind Energy Applications and
Training Symposium (WEATS) sponsored jointly by the wind industry, the DOE, and the U.S. Agency for
International Development. Additional personnel exchanges are planned for 1999 and 2000.

3.2.1 Technology and Application Descriptions

Wind energy systems are one of the most promising new renewable energy technologies for China to
providing significant amounts of electric power to the national grid and to provide electricity for many
people in rural areas beyond the reach of the grid. Wind energy resource potential in China is estimated to
be between 160 and 253 GW [1 and 21]. In contrast, the total installed generating capacity (including
thermal, nuclear, and hydropower plants) in all of China in 1995 was 217 GW. The wind data was com-
piled by the Chinese Academy of Meteorological Science and included the total amount wind energy
technically available to be utilized, without considering economic and social constraints. Of course practical
constraints would preclude meeting the entire national electricity demand from wind turbines alone. The
intermittent nature of the wind and constraints on power transmission would make such large scale use
impractical, but the potential for using grid-connected wind power is huge in many diverse regions in
China. The best wind sites were found along the southeast coast and in northern areas inland in the
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Provinces and Autonomous regions of Inner Mongolia, Xinjiang, Heilongjiang, Gansu, Jilin, Hebei, Liaoning,
Shandong, Jiangxi, Jiangsu, Guangdong, Zhejiang, Fujian, and Hainan. There are also isolate sites with
good wind energy potential in most other Provinces.

Wind Energy Applications Analysis and Development – The SPCC and World Bank recognize that
there is tremendous potential in wind power in China. There are three primary categories of applications
for wind energy systems. (See Figure 8) First, wind turbines are being installed in large scale wind power
plants, typically 20 to 100 MW in total
capacity, that can produce electricity that is
distributed through the national grid. This is
the largest potential application for wind
power, with at least one 100-MW plant
expected to be on-line by the end of year
2000 in Inner Mongolia.

The second type of application is to install
wind turbines in townships and villages for
rural electrification and to reduce the use
of expensive and heavily polluting, diesel
engine driven generators in areas that are
beyond the reach of the national electricity
grid system. These off-grid applications
may include installing clusters of smaller
wind turbines in the size range for 10 to
100 kW each, on off-shore islands, in
isolated communities, and for enterprises
that generate their own power.

The third application of wind power is in
individual homes to provide electricity for
light, communications (television and radio),
health, and comfort (refrigeration, washing
machines and heat). These applications can
be used with solar/photovoltaic and small
gasoline engine power generators and are
discussed in detail in Section 3.1 above.

China’s Progress in Wind Power Plant
Deployment – The total capacity of wind
turbines in China was 223 MW by the end
of 1998. The progress in wind power
development in China has been the fastest
in the renewable energy field. Since the
first International Conference on Wind
Energy was held in Beijing in 1995, wind
power plant installations have increased ten
fold. Currently 12 provincial and autono-

Figure 8. Typical-Wind Energy Applications in China
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mous power corporations are engaged in developing wind power and 19 wind farms have been established
in two high wind zones in China. Up to now, Xinjiang Dabancheng Wind Farm, with a capacity of 64 MW,
is the largest wind plant in China. Guangdong Nanao Wind Farm, with a capacity of 42 MW, is the biggest
island-based installation in Asia.

Many Channels to Construct Wind Plants and Attract Capital – China’s wind power industry was
financed initially using construction capital from Denmark, the United States, Germany and The Nether-
lands. From 1994 through 1997, there was more than $57 million USD in foreign investments in wind
plants in China, most in the form of tied-aid grants and loans. More recently, construction of wind plants
has been included in the central government plans and projects are being planned using commercial
financing from the World Bank, the Global Environmental Facility, and the Asian Development Bank.

Technical and Economic Progress in the Industrialization of Wind Power – China has adopted
rules and regulations to encourage wind power deployment. Many home owners, farmers and herdsmen in
rural areas can now independently buy, install and operate small turbines. Wind farm owners can now
independently construct, install, and operate wind turbines following the technical documents provided by
the turbine manufacturer. Several factories on China now have experience manufacturing wind turbines in
sizes from 0.1 kW to 300 kW. Larger turbines, up to 600 kW, can also be assembled in domestic factories.
Many joint ventures for manufacturing wind turbines will be established in the future. Experts in a wind
energy magazine said, “It was the China Wind Power Year in 1997.”

3.2.2 Wind Energy Resource Assessment in Southeast China

Wind energy resource estimation and mapping are one of the first steps in planning wind energy projects and
this was one of the initial areas of cooperation under the Wind Energy Annex to the Protocol. This task was
supported by U.S. DOE, Environmental Protection Agency, and the American Wind Energy Association
through a program called the Energy Technology Initiative. On the Chinese side, participation involved the
State Power Corporation of China through the Hydropower Institute and the Chinese Meteorological Service.

Wind Measurement Program – The first part of the wind energy assessment task was to initiate a wind
measurement program to collect detailed meteorological data needed to evaluate the energy production
potential at sites under consideration for future large scale wind power plant projects. SPCC installed wind
measurement stations at 12 locations; one near Shanghai, two in the Poyang Lake region near Lu Shan in
Jiangxi, and at sites along the coast in Fujian and Guangdong. U.S. built anemometers for measuring wind
at two heights were installed along with digital data collection systems. Chinese technicians and engineers
were trained on installation, operation, and maintenance of the equipment as well as methods for analyzing
and interpreting the results. To date, several thousands of hours of wind records have been compiled by
the 12 systems and the results are providing the accurate and reliable data needed for evaluating project
energy production potential and economics.

The second part of the wind energy assessment program underway involves regional wind resource
analysis and mapping. This is an effort to assess overall wind potential in large areas of key provinces and
to find good potential wind sites where wind measurement programs are needed. Preliminary wind assess-
ment and mapping were conducted for two regions in southeastern China. The first region was the coastal
area stretching from south eastern Guangdong up to northern Fujian. The second region was centered
around the Poyang Lake in northern Jiangxi and included parts of two other provinces, Anhui and Hubei,
extending from near Anqing southward to near Nanchang.
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Using atmospheric flow models developed by the NREL, three regional wind maps, based on the Geo-
graphic Information System (GIS), have been developed. Terrain data in digital form was used in the
modeling process. Wind and other meteorological data were combined into a very large database drawing
from several sources. These databases included: information from 85 selected meteorological stations in
the region; surface weather observations from World Meteorological Organization stations in southeastern
China available through the National Climatic Data Center in the United States; marine data reported from
ships at sea; near shore wind speed estimates derived from wave height measurement taken by satellites
using microwave imaging; and from upper air data sets from rawinsonde instruments and pilot balloons.

Results from the wind mapping show many sites in the two study areas have good-to-excellent potential.
The most productive sites were found along the coast and on offshore islands especially in Fujian. See
Figure 9 [22]. Average annual wind speeds greater than 5.5 meters/second (m/s) are considered usable
for wind power development. Many sites with much higher wind speeds have been found in the mapped
area, although some of these sites are mountainous and may be difficult to develop due to steep terrain.
Overall the study concluded that the coastal areas in Fujian and Guangdong, including off-shore islands and
land up to 10 km inland, had wind resource potential of 47,388 MW.

Figure 9. Regional wind resource mapping on Southeast China coast and estimates of average
annual wind speed in standard wind power classes [22]
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Wind mapping is also helping to identify the best locations for turbines at specific sites. One part of the
study focused on Nanao Island in Guangdong province. This island, shown in Figure 10, was found to have
many excellent wind sites and is the location of numerous wind power plant projects including one plant
with ten 550-kW turbines supplied by the American company, Zond Energy Systems, Inc.

3.2.3 Grid Connected Wind Power Plant Analyses (Northeast Region Study)

One of the initial areas of cooperation was analyzing the economics and technical issues associated with
integrating large-scale wind power plants into the existing grid network. Rising costs for other energy
sources, declining costs for wind turbines, excellent regional wind resources, and the adaptability of the
grid system to accommodate large-scale wind plants, making them an increasingly attractive option. This
topic was the subject of a study completed in August 1997 by a visiting scientist from China’s Electric
Power Research Institute (EPRI - China) working at NREL for three months. Latest commercial com-
puter models were used to evaluate integrating wind power into a section of the Northeast Regional grid in
China. The northeast grid network studied is located in the Provinces of Heilongjaing, Jilin, and Liaoning
with some connections to Inner Mongolia. See Figure 11.

The study focused on determining the value of installing significant amounts of wind power to the North-
east grid to determine economic costs and benefits. Results showed favorable economics, even at very
low penetrations. An Electricity Financial Model (ELFIN) developed by the Environmental Defense Fund
with support from the DOE, was used to compare the utility operating cost both with and without wind
plants. Results from a partial study showed that by adding several thousand MW of wind plants that
produced 1.5% of the regional energy, reducing emissions of NOX 2.3%, SOX 2.1% and CO2 2.5%. The
value of the wind energy was $0.042/kWh (0.34 RMB/kWh), with a resulting decrease in the marginal
energy cost of 10.5% [23]. China EPRI has obtained a license to use the ELFIN model in China and is
continuing this work. In addition, China EPRI plans to study effects on power quality and on grid system
transient stability and control at higher penetration levels of wind power.

Figure 10. Wind site and digital terrain mapping of Nanao Island in Guangdong Province [22]
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3.2.4 High Altitude Wind/PV
Hybrid Tradeoff Study

An economic tradeoff study for
various wind/PV hybrid systems
for off-grid generation applica-
tion at a high altitude site was
carried out under the Annex II
personnel exchange program.
Three configuration options:
wind/battery, wind/PV/battery,
and PV/battery were studied for
a village in Tibet. The village,
Nace, located at 91° 30’ E and
31° 50’ N, is about 130 miles
north of Lhasa, the Capitol of
Tibet, in Ando County, Naqu
District. Most people in this
District are without any electric-
ity. The average elevation of
Naqu District is about 4,800 m
(15,745 ft.). The annual average
wind speed is 4–6 m/s and the
annual average of 2,900 sun-
shine hours with an average
temperature of -3°C (28°F).
Nace village has 57 families and
one school. The estimated daily
loads are: five hours of 60 watts
for TV and 20 watts lighting per
family. Using the Hybrid-2
computer model developed at NWTC, the trade study indicated that the most economic system is wind/
battery followed by wind/PV/battery. Despite a general concern about wind energy from the low air
density at this high elevation, the relatively low cost of wind turbines makes them most economical in this
application. The results were published on Acta Energiae Solaris Sinica (Quarterly), No. 3, Vol. 19, 1998
with the title, “The Optimization Design for 4-kW Wind/PV Hybrid Generating System in Tibet.”

3.2.5 Village Power Wind/Diesel Hybrid Pilot Project

In order to demonstrate the application of wind energy in medium scale off-grid applications, a pilot
project, using U.S. turbines from Bergey Windpower, will be built on the island of Xiao Qing Dao in
Shandong Province four nautical miles from Rushan City. SPCC choose the site as a typical island power
system application, with good wind resources, easy access, and strong support from the locals, including
the city of Rushan, the City Power Bureau, and the Island Council.

The island of Xiao Qing Dao has 346 inhabitants living in 123 homes that currently only have electricity
available intermittently, which is typical of many island applications. The principal industries on the island

Figure 11. Schematic map of Northeast China power network and
wind power plant sites [23]
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are fishing and tourism. Power is produced by a 20-year-old, 13-kW diesel engine driven generator set,
distributed through a local grid network at a cost of 3.0 RMB/kWh ($0.42/kWh). Electricity is used for
street lighting and residential loads, including: lighting (50 watts), TV (80 watts), refrigerator (120 watts for
80 homes), washer (120 watts for 50 homes), and electric cooker (800 watts for 20 homes). Electricity is
normally available 3-4 hours in the evening.

The planned wind/diesel pilot project will be installed during 1999. Current plans are to install four 10-kW
wind turbines in a small wind power plant connected to a 30-kW diesel generator along with an inverter
and battery bank. The turbines and other electronic equipment will be supplied by U.S. manufacturers
(three turbines supplied by DOE and one by private industry). The Chinese will provide: turbine towers;
foundations; electrical equipment; and operation, maintenance, and data collection support.

3.2.6 Workshop on Wind Plant and Business Development

A training workshop on Wind Power Business Development and Policy Analysis was held in Hangzhou,
China on March 15-19, 1999 by Princeton Energy Resources International. The SPCC and the DOE
sponsored the meeting that was hosted by the Zhejiang Provincial Power Bureau. Participants included
70 executives, planners, engineers, and economists from electric utilities, provincial and central govern-
ment, local wind plant companies, and equipment manufacturers. Lectures covered topics on wind energy
business trends and government run financial incentives employed worldwide, project debt and equity
financing, cash flow planning and management, costs and economics of wind and other renewable energy
technologies, and policy options needed to accelerate the deployment of wind plants in China. A case
study was presented on financing 100-MW wind plants installed in China. Seven variations on the case
study illustrated effects of wind speed, project scale, deployment experience and learning curves, tied-aid
and Chinese tax laws, and special Bank of China financing terms. Representatives from Mees Pierson, a
commercial Bank with offices in Shanghai, presented views on bankers’ role and criteria for financing
projects and equipment. Mees Pierson was selected because they had financed several large wind
projects in the U.S.
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3.3 Annex III – Energy Efficiency

Improving energy efficiency is a major component of China’s energy development strategy. China is achiev-
ing great successes in improving energy efficiency, as evidenced by sustained rapid economic growth with
relatively low energy consumption growth. During the years from 1980 to 1996, annual GDP increases
averaged 10.1 percent, whereas annual energy consumption increases were only 5.35 percent. [24]

One measure of efficiency is called energy intensity, or the energy used to produce a unit of GDP. Over
the past two decades China has been consuming more energy, but the GDP has been growing much
faster. As a result since late 1970s, energy intensity in China has been declining at a rate of 4.5 percent
per year. If energy intensity had not been reduced, the energy consumption today would be more than
double. [25] (See figure 12.)

In the past, improving energy efficiency was employed simply for balancing energy supply and demand. Effi-
ciency is now regarded as a means to strengthen competitiveness, reduce environment pollution, and achieve
sustainable development. Although there has been some recent economic slowdown in China and throughout
Asia, in the long term China’s economy is expected to increase at moderately high rates for the foreseeable
future; energy demand is also expected to increase, but at a slower and decreasing rate. Compared to most
industrialized countries, China’s energy efficiency is low, and potential of improving energy efficiency is still very
large. Therefore, improving energy efficiency will continue to be a high priority area [26].

3.3.1 Technology and Application Descriptions

In terms of energy use per unit of GDP, China has one of the most energy-intensive economies in the world
and China’s industrial sector consumes more than two thirds of China’s total energy. China’s energy con-
sumption is concentrated in industries such as chemicals, primary metals, cement, and pulp and paper –
industries that are typically energy-intensive. In these industries, energy intensity is often compounded by
inefficiencies resulting from other factors, such as the unavailability of efficient technologies; small plants that
cannot attain economies of scale; and problems with maintenance of energy-efficient operations within plants
[27]. Also, industry in China is highly dependent on the direct use of coal (70 percent).

Figure 12. China’s Energy Consumption and Energy Intensity, 1965 - 1997.
Sources: Pacific Northwest Laboratory, http://www.PNL.gov/China/engycons.htm [25]; and China Energy Databook,
J.E. Sinton, et. al., Lawrence Berkeley National Labs, 1996; China Energy Annual Review, 1996, SETC, Beijing, China.
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China’s intent to improve energy efficiency, as evidenced by China’s Agenda 21 Program and Ninth Five-
Year Plan, creates opportunities for US-China cooperation:

6 In the industrial area, opportunities include improved waste heat, gas, and waste steam recovery;
expanded use of cogeneration; improved industrial furnaces and kilns; better monitoring and control
systems; the use of improved insulation; and other renovations in thermal and steam systems. There
is also an opportunity to install energy-efficient equipment such as boilers, electric motors, and
motor systems, and associated electrical equipment.

6 In the building sector, due to China’s construction boom, substantial opportunities for improvement
exist in new construction and retrofits, building envelopes, heating, ventilation and air conditioning
systems and controls, and lighting systems.

6 Appliance purchases are increasing, creating an opportunity to educate consumers about the
advantages of buying energy-efficient products and providing a need for cooperation on energy-
efficient codes and standards.

3.3.2 Areas of Cooperation

The US-China energy efficiency activities are conducted through teams with designated team leaders; the
teams are composed of representatives from industry, state agencies, energy associations, the DOE national
laboratories, and other interested parties. China has implemented a similar team arrangement. A steering
committee was established to coordinate the US-China energy efficiency activities under the Protocol for
Cooperation in the Fields of Energy Efficiency and Renewable Energy Technology Development and
Utilization. The steering committee is chaired jointly by Mr. Li Hong Xun of the State Development and
Planning Commission and Ms. Denise Swink of the DOE. The committee consists of representatives of the
State Planning and Development Commission, the DOE, and China and U.S. team leaders. On May 5-7,
1997, the first US-China Energy Efficiency Steering Committee Meeting was held in Beijing. Annex III,
signed in October 1996, covers energy efficiency activities in energy policy, information exchange and
business outreach, district heating, cogeneration, energy-efficient buildings, energy-efficient motors systems,
industrial process controls, lighting, amorphous core transformers, and finance. A summary of the actions and
accomplishments, as of October 1998, in each of the ten areas follows.

3.3.2.1 Energy Policy – The goal of the activity is to collaborate on policies to promote energy efficiency.
After documenting ongoing U.S.-China energy policy collaborations, emphasis was placed on (1) assessing
the applicability of U.S. energy policy to China, and (2) assisting in standards development in China.

In July 1997, DOE’s Policy Office sent an extensive list of information on laws, regulations, and policy imple-
mentation to the State Planning Commission. On November 1, 1997, the National People’s Congress passed the
Law on Energy Conservation of the People’s Republic of China, which took effect on January 1, 1998. Subse-
quently, a U.S. delegation visited China to participate in a workshop on energy efficiency policy. Held on
December 11-12, 1997, in Beijing, the workshop featured discussions about implementation of U.S. energy
efficiency laws and policies at the Federal and state levels. The U.S. delegation included representatives from
the Natural Resources Defense Council, the Alliance to Save Energy, the American Council for an Energy-
Efficient Economy, California Energy Commission, Lawrence Berkeley National Laboratory, and the DOE.

Collaboration is also underway to develop guidelines and standards for key products, refrigerators, air
conditioners, ballasts, and fluorescent lamps. The China State Bureau of Technical Supervision is promul-
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gating energy efficiency standards. Standards for refrigerators were established in 1997 and standards for
fluorescent lamps began in 1998; standards for air conditioners are due in 1999. To assist in creating
refrigerator energy efficiency standards, Lawrence Berkeley National Laboratory trained three visiting
Chinese in the use of energy efficiency analysis tools, during June 1996.

3.3.2.2 Information Exchange and Business Outreach – The information exchange activity acts as a
focal point for information collection and dissemination of information on Chinese energy efficiency issues.
Information is disseminated on technologies, market conditions, and other topics of interest. World Wide
Web sites for China information created at Pacific Northwest National Laboratory (www.pnl.gov/china)
and the Beijing Energy Conservation Institute (BECon) (www.gcinfo.com/BECon) include: technical
papers; newsletters; links to other sites; and statistics on China’s energy, environment, and economy. A
monthly China EE Info newsletter is also posted on these web sites. In response to questions posed by
U.S. firms about China’s electricity sector, Pacific Northwest National Laboratory, BECon, and China’s
Energy Research Institute jointly published a comprehensive report on China’s electricity options in June
1998 [25]. The report is available on Pacific Northwest National Laboratory’s web site.

3.3.2.3Energy-Efficient Electric Motor Systems – The U.S. and China are working to facilitate the
development, commercialization, and use in China of high-efficiency motors, motor speed controls, and
other technologies and practices to improve motor system efficiency. A study of the Chinese motor
market, funded by the DOE, was conducted by the American Council for an Energy-Efficient Economy in
conjunction with the Beijing Energy Conservation Institute and the Shanghai Electric Apparatus Institute.
The published study is available from the American Council for an Energy-Efficient Economy. In addition,
the U.S. team has provided data on motors, programs, and products to China and is helping U.S. motor
manufacturers assess opportunities for joint ventures in China.

Efforts are now focused on developing and conducting a Chinese Motor Challenge Program based on the
successful DOE motor program. As part of the activity, data is being exchanged on motor systems,
including fans, compressors, and pump systems. Discussions with the China Energy Conservation Invest-
ment Corporation in December 1997 resulted in an agreement to hold a Motor Challenge workshop in
Beijing in May 1998. The U.S. delegation included representatives from the American Council for an
Energy-Efficient Economy, Lawrence Berkeley National Laboratory, and U.S. industry. Following the
workshop, the U.S. drafted a revised action plan for a China Motor System Energy Conservation Pro-
gram. The China Energy Conservation Investment Corporation reviewed the plan, which includes back-
ground information, program goals, and program plans for the short, medium, and long-terms. The project’s
goal is to establish a major national program beginning in one province thus providing a laboratory to test
concepts for the national program. Funding for this
program is being sought.

3.3.2.4District Heating – As part of the district
heating plan to implement retrofits in five district
heating sites in China, heat meters were installed in
two Yantai apartment buildings and thermal regulating
valves were installed in one. Started in November
1997, the demonstration project was completed in
spring 1998. Relative energy use and savings, as well
as residents’ comfort, are being assessed. An evalua-
tion report will be released in the near future pending

Figure 13. District Heating Project in Beijing
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completion of discussions with China’s Ministry of Construction. The Ministry of Construction is consider-
ing extending the project to the entire Yantai district heating system. A workshop to disseminate the
demonstration’s results to a broad Chinese audience is being considered.

3.3.2.5Cogeneration – The objective of the cogeneration activity is to promote cogeneration projects in
China with U.S. investors and partners. As part of this activity, a June 1996 U.S.-China Cogeneration Experts’
Seminar in Washington, D.C., was organized by the China Energy Conservation Investment Corporation,
Energy Resources International, and Lawrence Berkeley National Laboratory. Key Chinese cogeneration
developers and policy staff met with interested U.S. private sector partners and presented information on
proposed cogeneration projects open to U.S. investment.

The China Energy Conservation Investment Corporation prepared documents describing cogeneration in China,
the approval process for cogeneration projects, and related policies. Because of the large economic changes
that have taken place, these documents now need to be revised. To reduce the transaction costs of cogeneration
projects in China, the U.S. team drafted model documents for power purchases, steam sales, and joint venture
agreements. In July 1998, the U.S. team provided Chinese and English versions to the Chinese Energy Conser-
vation Investment Corporation, who distributed them to national and local-level stakeholders. The Chinese
Energy Conservation Investment Corporation consolidated comments and plans to use the documents as models
for all cogeneration projects in China.

3.3.2.6Energy-Efficient Buildings – In January 1998, an action plan was completed. The plan recog-
nizes the need to improve mutual understanding of the building industry in the U.S. and China and to
recognize the applicability of U.S. energy-efficient building technologies in China. China and the U.S. are
planning two workshops. The first workshop was held in November 1999 in the U.S., and will be followed
by one in China. To assist with preliminary planning, the DOE’s Office of Building Technologies is spon-
soring a visit by two Chinese researchers to work at Lawrence Berkeley National Laboratory. The
researchers, Professor Tu Fengxang (China Building Energy Conservation Association) and Liu Jianping
(China Energy Conservation Investment Corporation) will prepare background information and assist in
organizing the workshops.

3.3.2.7Energy-Efficient Lighting  – China’s Green Lights Program is one of the major energy conser-
vation programs in the Ninth Five-Year Plan. As part of this program, China is working to increase the
quantity and quality of high-efficiency lighting products and to promote efficient products. The lighting plan
will assist the Green Lights Program in several activities: training, product certification and labeling, lighting

standards, public information, and facilitating joint ventures.

In Summer 1997, a Chinese Green Lights team, sponsored by a
United Nations Development Program project, visited U.S. manu-
facturers and Lawrence Berkeley National Laboratory and U.S.
experts presented lectures at an annual Green Lights conference in
Beijing. In addition, a delegation from the State Bureau of Technical
Supervision visited Lawrence Berkeley National Laboratory in Fall
1997 to work on developing a product testing, a certification, and
labeling program. In May 1998, a decision was made to pursue a
Global Environmental Facility grant that will broaden the prior China
Green Lights program into a national effort. Key program elements
are: continuation of product certification and labeling program;
improved quality of efficient lighting products; facilitation of bulk

Figure 14. Energy Efficient lamps
are manufactured in China and
are widely used to save electricity
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purchases; development and implementation of education, promotional, and finance programs; development
of design and product standards; and documentation of market trends.

3.3.2.8Amorphous Core Transformers – Amorphous metal is a new material used in transformer
cores, that lowers energy losses in devices used for raising and lowering electric power voltages. The goal
of the amorphous metal transformer activity is to raise the design and manufacturing level of amorphous
metal cores and transformers in China and promote the application of amorphous metal distribution
transformers, thereby reducing energy loss and increasing energy efficiency. Cost reduction is important
and Allied Signal, the U.S. team leader, has been working with Chinese transformer manufacturers to
reduce price premiums for amorphous metal transformers from 70 percent in 1995 to 25 percent in 1997,
with a target of less than 20 percent after 1999.

In January 1998, the State Planning Commission issued a letter outlining the steps that it will take to
promote the production of amorphous metal transformers on a widespread basis in China. In May 1998,
Allied Signal and General Electric (GE) concluded an agreement with Shanghai Zhixin Company to license
GE’s amorphous metal technology. Construction of a plant is underway and start-up is expected during
1999. Until then, Zhixin is importing finished transformers from GE and plans to purchase amorphous
cores from Allied Signal’s plant in Pudong. With completion of the new plant, the price premium goal of
less than 20 percent will be met.

3.3.2.9Industrial Process Controls
– The objective of this activity is to
implement process improvements in at
least nine different industrial firms in
China. The plan calls for the identifica-
tion of candidates for process improve-
ments in at least three plant facilities,
within three process industries. Subse-
quently, participants would conduct
workshops, site visits, and contract
negotiations to implement the installa-
tions of advanced process control
technologies. Current efforts focus on
how to fund the evaluations that are
required to implement the plan.

3.3.2.10 Finance – The objective of the finance activity is to identify constraints to energy efficiency
finance in China, and recommend options for energy efficiency financing. The team will address three key
issues: (1) transparency in companies – by identifying the parties with authority to implement contracts and
projects; (2) security – by providing repayment guarantees and financial; and (3) initial project support –
by finding local sources of support for feasibility studies and other initial project costs.

In May 1997, Pacific Northwest National Laboratory hosted a representative of the China Energy Conser-
vation Investment Corporation to work on financial issues and potential future joint cooperation. The U.S.
team is continuing efforts to identify and finance energy efficiency projects. Efforts by the China Energy
Conservation Investment Corporation to produce a guide book for U.S. companies on the project approval
process in China have been put in abeyance until the reform process is closer to completion.

Figure 15.  Coking and chemical plant in Shanghai –
Industrial process control can substantially improve
operating efficiency in many industrial plants
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3.4 Annex IV – Renewable Energy Business Development

The DOE and the SETC signed the Annex IV Agreement, Renewable Energy Business Development, on
October 25, 1996. The Chinese Center for Renewable Energy Development (CRED) is implementing or
coordinating most of the activities under this Annex that are designed to encourage collaboration between
Chinese and American industrial partners. The goals are to promote energy conservation and efficiency
business development and to increase the use of renewable energy in China. To date, activities have
included assistance on energy policy analysis, exchange of technical information, and business and profes-
sional training. These activities focused on relationship building, project identification, and providing access
to available project financing.

There have been increasing business activities between American and Chinese firms since the Agreement
was signed. Several trade missions have been conducted, both to China and to the U.S., involving leaders
from industry and government in both countries. In 1998, the first U.S.-China industrial joint venture
agreement on renewable energy was developed between, Oklahoma based, Bergey Windpower Company
and Xiangtan Electric Generator Co., to produce and sell 10-kW wind turbines in China. They plan to
produce 300 units annually in China to meet the rapidly growing demand and perhaps to supply China’s
“Brightness Program” for rural electrification, sponsored by the SDPC.

China has taken a variety of steps to encourage renewable energy business development. For example,
import duty and taxes have been reduced or eliminated on some products. Since January 1, 1998, import
duty was eliminated on wind turbines larger than 300 kW and the import duty on smaller turbines is 12
percent. There is also special tax treatment for projects qualified as “high technology,” which would
include wind, solar, and other renewable technologies. For industries or joint ventures registered in a “High
Technology Development Zone,” there is an exemption from income tax (typically 33 percent) for two
years and reduced to half for three additional years. In addition, MOST and SDPC issued a special notice
“Supporting the Development of Renewable Energy,” encouraging domestic banks to give priority to
construction of renewable energy projects, allowing 2 percent financing interest discount on loans, and
providing other financial incentives [28].

3.4.1 Provincial Business Development Studies

Two business development studies have been performed under the sponsorship of the DOE in cooperation
with CRED. Data was collected on renewable energy resource potential, local government and industrial
interest in renewable technologies, procedures and rules controlling project implementation, and other factors
that could influence the deployment of renewable energy either positively or negatively. The first study,
conducted in late 1996, covered market potential in six provinces: Gansu, Inner Mongolia, Qinghai, Shandong,
Xinjiang, and Zhejiang. The second study, conducted in June 1998, covered four additional provinces,
Guangdong, Jiangxi, Jilin, and Yunnan, and addressed the changes that have occurred as a result of the
restructuring in the central and regional governments. The resulting reports provided market information that
could be useful for American companies considering entering China’s renewable energy market.

One of the salient points of these studies related to the influence of tied-aid and subsidized loan programs
provided by several European countries. The reports found that U.S. wind companies would have a
difficult time competing with European firms on small projects. However, most of the tied-aid is limited to
projects smaller than $30 million and the U.S. Export-Import Bank can provide U.S. companies with loan
terms and conditions that match the tied-aid offers from competitors. This matching aid has been em-
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ployed on three wind power plant projects, each with ten 550-kW wind turbines built by the California
company Zond Energy Systems, but this process is considered by industry to be a slower and more
complicated than the European tied-aid approach. Tied-aid may be less important in the future, once larger
renewable energy projects are undertaken, commercial or international bank financing and open competi-
tion will likely be used.

3.4.2 Support for World Bank and other Multilateral Programs

The DOE, through NREL has supported activities of the United Nations Development Programme, the
World Bank, and other multilateral institutions in China. In addition, the DOE has worked with U.S.
renewable energy and energy efficiency industries, in their efforts to promote renewable energy and
conservation as viable investment opportunities.

The DOE provided technical assistance, economic analysis, and wind resource assessments to the United
Nations Development Programme and to the World Bank in support of their initiatives for renewable
energy development in China. In one of the supported studies, the World Bank concluded that, “Provided
certain policy and institutional constraints are removed, the study indicates that three technologies are
ready for efforts aimed at large-scale market development of: grid-connected windfarms; solar PV,
especially solar home systems; and bagasse cogeneration” [11]. The DOE and NREL technical assistance
helped the World Bank to develop a renewable project, involving more than $400 million in loans, now
underway in China. In addition, the United Nations Development Programme is carrying out a $26 million
renewable energy program.

3.4.3 Business Development Mechanisms and Incentives

The U.S. Export-Import Bank has offered China a $100 million renewable energy credit facility. The
amount of available financing was initially $50 million in secured loans. This was later expanded to $100
million and can be used for U.S. goods and services for a full range of renewable energy projects and for
development of energy efficient technologies. Projects eligible for the loans include: wind, solar, waste fired
cogeneration, geothermal technologies, bagasse fired plants, energy efficient building modifications, electric
motor upgrade to more efficient designs, and other clean energy technologies. Applicants may apply for
either direct loans or for loan guarantees. Repayment terms, debt coverage, and interest rates will be the best
possible, within the guidelines of the Organization for Economic Cooperation and Development (OECD).

3.4.4 Training on Project Development and Financing

Four people from the CRED participated in a series of training programs sponsored by NREL in the U.S.
from June through September 1998. These training activities were designed to support capacity building in
China through institutional participation in the programs for advanced development of project siting analysis
capability, use of realistic economic analytical methods in project evaluation and development, and to
transfer of U.S. experience in renewable energy policy development to China to encourage and accelerate
similar efforts there. The training activities consisted of: (1) training in Geographical Information System
(GIS) software support and analysis in partnership with Environmental Systems Research Institute, Inc. in
Boulder, Colorado (ESRI), (2) life cycle cost analysis, and (3) U.S. renewable energy policy development
and analysis to support commercialization of renewable technologies in the U.S.

In April 1999, SPCC organized and DOE conducted a workshop on “How to accelerate China’s windpower
development” described in detail in Section 3.2.6 of this report. The U.S. firm, Princeton Energy Resources
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International, conducted the three-day workshop titled, “Wind Energy Business Development and Policy
Analysis,” for 70 people selected by SPCC from their offices in Beijing, from regional power bureaus,
provincial planning commissions, and private companies in the wind business. The goal of the training was to
provide the participants with knowledge on key business aspects of developing large-scale wind plants, by
drawing on the experience in the U.S. of installing more than 2,000 MW of wind plants. Topics discussed
included: renewable energy financial incentives, wind power plant economic analysis, project financing and
contracting, and factors affecting costs, in an effort to accelerate the development and deployment of
renewable energy technologies, especially wind, in China.

Another training program supported by the DOE, allowed participation of five key people from the SPCC,
electric power institutes, provincial power bureaus, and region planning commissions to participate in the
annual Wind Energy Applications Training Symposiums in 1996 and 1997. The American Wind Energy
Association organized these two-week training programs with funding from the DOE and other U.S.
government agencies. The intensive symposium covered all aspects of wind installation development,
financing, and operation in a full range of grid-connected and off-grid applications.

3.4.5 PV Industry Survey and Opportunities Report

During September and October 1998, U.S.-based, Sherring Energy Associates conducted a 40-day mission to
more than 11 cities in seven provinces in China. The mission was designed to investigate first hand, the status of
the PV industry, applications, and markets in China and to evaluate business opportunities for U.S. companies in
China. Assistance to the mission was provided by the CRED. A report was generated, titled “CHINA PV
Business and Application Evaluation,” which is to be published by NREL in 1999.

The China PV report provides profiles and contact information for more than 20 PV companies operating
in China in module and balance-of-system component manufacturing, system integration, and application
development. An assessment is provided of the current status of the PV industry and market development
in China, the current barriers to sustainable growth of PV markets, and recommendations for pursuing
business in China. The report also provides some information on other domestic and international projects
being developed in China using PV technology.

The study concludes that China’s solar photovoltaic production industry is growing rapidly, but is facing
significant technical challenges. Specific conclusions are that: (1) There is a ready cash market for tens of
thousands of solar home systems annually, (2) there are needs for improved equipment to mass produce cells,
unified product specifications, and quality control standards for cells and other system components including
charge controllers, (3) emphasis on “least cost” is resulting in low quality products, and (4) needs for demon-
stration programs to gain knowledge and experience at the provincial level.

3.4.6 PV Background Report

The CRED has prepared a report titled “Commercialization of Solar PV Systems in China,” which is
scheduled for publication as a bilingual report in 1999. The report provides a detailed overview of the
various market sectors and applications for PV in China, including a historical overview of PV develop-
ment in China. The report and study complement the PV industry survey report that was discussed in
section 3.4.5. The report also provides specific information on companies in China which have qualified for
participation in the rural electrification projects which will be supported by the World Bank.
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3.5 Annex V – Electric and Hybrid-Electric Vehicle Development

The automotive industry is one of the main industries in China and is expanding rapidly. Because of its
importance to the domestic economy, the auto industry receives support from the Central Government. The
government support emphasizes both production capacity increases and product quality improvement. As a
result, car production capacity is expected to reach 1.2 million units in 2000 and triple that by 2010. On the
other hand, increasing the number of automobiles will aggravate the environmental and energy problems of
China. Motor vehicles are a major source of air pollution in major Chinese cities, and their contribution is
increasing. In Beijing, for example, mobile sources accounted for 39% of the carbon monoxide, 75% of the
hydrocarbons, and 46% of the nitrogen oxide emissions in 1989 [19]. Since then the motor vehicle use and
traffic congestion have increased, prompting the government to focus attention on the research and develop-
ment of electric vehicles (EV) and hybrid-electric vehicle technologies.

Annex V to the Protocol Agreement, titled “Electric Vehicle and Hybrid-Electric Vehicle Development,”
was signed on November 18, 1997. Initial meetings were held in December 1997 in Washington, D.C.; the
U.S. Annex V Team visited Beijing in early August 1998, held further discussions with representatives of
the Ministry of Science and Technology, and visited electric vehicle research facilities and automotive
manufacturing facilities in China. At these sessions both sides agreed to emphasize information exchange
in four major areas:

6 Technology Transfer: Coordination on basic public domain technology with emphasis on standards
development and testing methods. The emphasis is on creating a high level of technical excellence
and autonomy in the Chinese advanced vehicle technology programs. U. S. experience shows the
importance of these activities to a sound program.

6 Implementation: Coordination on basic implementation policy and practice issues. U. S. experience
in conducting accelerated implementation programs will be applied as appropriate to the rapidly
developing Chinese vehicle market. New forums will broaden the exchange of information and
ideas needed to accelerate the development, manufacture, and deployment of advanced technology
vehicles in China.

6 Environmental Protection: Coordination on the basic elements of deploying advanced technology
vehicles in an environmentally acceptable manner. This includes assuring that the Chinese govern-
ment and industry take appropriate measures to implement safe transportation, in-vehicle use, and
recycling or reclamation of advanced technology components and subsystems.

6 Development of Small Business Opportunities: Coordination on developing opportunities for small
businesses to work with the Chinese automotive industries on critical technology needs for ad-
vanced vehicles. Small business opportunities will be created through a variety of mechanisms, such
as small business set-asides, similar to those already established in the United States.

The U.S. Annex V Team recognized the ambitious nature of the Chinese program and the many technical
and political issues. Both sides agree on the overall need to make progress at a faster rate and encourage
more industry involvement. Facilitating information exchange and private sector business activity is
considered to be an appropriate role for the Team. Consequently, open workshops and demonstration
projects are expected to be important tools used in the agreement. The overall U.S.-China program faces
these same issues.
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In technology transfer, opportunities will be sought for interchange of researchers or joint projects between
Chinese and U. S. research laboratories. The interchanges are expected to emphasize advanced batteries
and fuel cell technology. In 1999, web site development is planned to disseminate information on EV and
hybrid-electric vehicles. Further emphasis will be sought on links between private businesses to conduct
appropriate programs with Chinese government and business entities. Where appropriate, the DOE will
work with Chinese institutions to seek international bank and development organizations’ funding and other
support for projects in China.

3.5.1 Technology Description and Background

China has been expanding development of its automotive industry in the transportation sector. This develop-
ment includes the petroleum industry which supplies traditional transportation fuels such as gasoline and diesel
fuel. However, there is increasing concern with the economic and environmental impacts of growing fossil
fuel use, especially the increased use of imported fuels. In 1993, China became a net oil importer. Imports
continue to grow in spite of efforts to employ enhanced oil recovery techniques to older fields and to develop
offshore reserves in the South China Sea and promising new areas in western China – in particular the
remote Tarim Basin in the Taklamakan Desert. New pipelines were completed to that site, next to another
smaller, but less remote, area in the Turpan-Hami, or Tuha, Basin.

Air pollution from automobiles is an increasing problem in urban areas. Ambient hydrocarbons, carbon
monoxide, and ozone concentrations in major cities exceed Chinese standards and are attributed primarily to
mobile sources – especially automobiles. Although the number of vehicles in Beijing is only one-tenth of that
in Los Angeles and Tokyo, vehicle emissions are about the same for all three cities [1,19].

China’s automotive sector is considered a ‘pillar industry,’ part of the centrally planned economy. The sale,
servicing, and use of automotive vehicles for transporting people and goods is increasingly in the private
sector. Automotive manufacturers are shifting emphasis away from production of heavy trucks and buses,
these being about 65 percent of the total fleet in 1990. Light duty personal vehicles, especially privately
owned passenger vehicles, are the fastest growing segment with this segment of the fleet more than
doubling from 1990 to 1995 compared to the prior five year period. See Table 4.

International business development is expanding in the automotive sector. Under joint ventures with
American, European, and Japanese firms, new manufacturing and assembly plants are now operating in

China. General Motors was one of the
companies invited to build an automotive
assembly plant in China (for small
Buicks). Chrysler, through a joint venture
in the Beijing Jeep Factory, is currently
producing about 100,000 vehicles with
more than 80% of the components
manufactured in China.

Research on electric and hybrid-electric
(and alternative fuel) vehicles is an area
of expanding interest in China. In 1996,
the EV project became one of the
National Science and Technology
Projects. Currently, part of the research

Figure 16. Traffic congestion and air pollution in Beijing
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program is focused on Lithium-Ion and Nickel-Metal-Hydride batteries and on fuel cells. EV testing and
demonstration areas have been established in Shantou-Nanao and seventeen EVs have been tested for
two years. The integrating design of the prototype EV is continuing and there have been some important
achievements in the design of key parts. According to the plan, the Electric Concept Vehicle will be
completed and demonstrated in 2000.

Currently, an economic evaluation of developing Hybrid EV technology is under way, to ensure the
resulting concepts are practical. As low-pollution or no-pollution vehicles, EVs are expected to be the
important transportation tool in the 21st century. China plans to attract the world’s advanced technology
and deploy some new vehicle technology in creative ways.

3.5.2 Work Plans Under Development

Several technical discussion meetings have been held in the U.S. and China in an effort to develop work
plans. In 1998, a DOE/industry delegation visited electric vehicle research facilities at Tsinghua University
and the Chinese Academy of Science. This delegation also visited the Beijing Jeep plant, and met with
MOST and the multi-organizational electric vehicle team. Areas for cooperation were discussed. The
areas of possible cooperation focused on the following topics:

Battery Management and State-of-
Charge Controllers–Tsinghua University,
Delphi-Automotive Institute, provides broad
interdisciplinary technical training in man-
agement skills needed for a modern auto-
motive industry. The University’s Depart-
ments of Automotive Engineering and
Computer Science and Technology have
produced a number of converted electric
vehicles, including an electric bike, a 4-

Sources: World Bank and China statistical Yearbook 1996.

Passenger vehicles

Professional Transport

Privately Owned

Trucks

Professional Transport

Privately Owned

Other

Total

Table 4. Registered Civilian Vehicle Fleet is Growing Quickly

Type of Vehicle/Owner 1985

795

83

19

2,232

194

265

616

3,643

1990
(thousands)

1,622

108

241

3,685

198

573

411

5,718

1995

4,179

131

786

5,854

142

1,226

1,227

11,260

Average annual growth
1985-95 (percent)

18

5

45

10

-3

17

7

13

Figure 17. Chevrolet S-10 electric vehicle in commer-
cial demonstration program in China
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passenger electric car, and a 16-passenger electric bus using DC motors, DC controllers, and flooded
(tubular) lead acid batteries. Also, joint work is being done with General Motors in the U.S. on battery
management systems and state-of-charge indicators.

AC Motor Control Systems – Chinese Academy of Sciences, Institute for Electrical Engineering is
developing AC motor control systems for use in the Chinese electric vehicles in the 50 kW range. The
research group is examining different motor types: induction motors, permanent magnet synchronous
motors, and switched reluctance motors. This could lead to joint venture opportunities to produce the
power switches or micro controller chips.

Standards Development – China is working on standards development in four areas: overall vehicle
systems, controllers and motors, batteries, and battery charging. This is very similar to the approach used
in the U.S. by the Society of Automotive Engineers, and industry in both U.S. and China can benefit from
mutually compatible standards.

Electrochemical Technology on Batteries and Fuel Cells – China is working on a number of ad-
vanced electrochemical technologies that are also being developed in the U.S. This includes work on
nickel metal hydride and lithium ion batteries for electric vehicles and possibly on proton exchange mem-
brane fuel cells. Possible assignments and exchange of scientific personnel between National Laboratories
in both countries is being discussed.

Technology Transfer – The technology transfer areas represent agreements that came out of the first
meeting under Annex V in December 1997. These areas were:

1. Organization of current U.S. Federal Government programs – DOE provided general information
for use in structuring Chinese electric vehicle programs.

2. Fast charging – DOE provided a general technical information report on this topic based on work
completed in this area by the U.S. firms AeroVironment and Norvick.

3. AC motor controllers – DOE provided general reports about the status of AC motor controllers in
the U.S. and encouraged possible cooperation with U.S. small businesses in this field including:
Unique Mobility and AC Propulsion.

Implementation – The U.S. team is providing technical assistance in planning the implementation and
management processes. Prior work was reviewed, including the 1995 study “Encouraging Purchase and
Use of Electric Motor Vehicles” and the 1997 “Electric Utility Participation Study.” Other major U.S.
implementation programs, including Clean Cities and the Electric Vehicle Ready Cities program were also
reviewed. China is considering doing similar studies and implementation programs.

Environmental Protection – Both countries are concerned about avoiding the possibilities of creating
new or unexpected environmental problems as a result of introducing new vehicle technologies. Coopera-
tion can be beneficial to insuring that all important environmental issues are considered. One area of
cooperation is on environmental assessments which were done for advanced batteries by the NREL, as
well as, the ongoing work of the Advanced Battery Readiness Working Groups and the Infrastructure
Working Council. Cooperation could lead to Chinese participation in appropriate international working
groups on international standards for abuse testing and other topics relating to advanced batteries.

Small Business Roles – There is interest in possible participation by United States small businesses in
planning China’s electric vehicle program.
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3.6 Annex VI – Geothermal Energy Production and Use

Geothermal energy sources are of growing importance in China and have large potential, both for electric
power production and for direct use for heating or cooling. The U.S. has developed leading geothermal
technology and strong industrial interest in these areas. As a result, Annex VI to the Protocol on Coopera-
tive Activities on Geothermal Production and Use, was signed on November 18, 1997 between the State
Science and Technology Commission (now MOST) and the DOE. The objective of this agreement is to
accelerate the utilization of geothermal resources in China, both for electricity generation and for direct
thermal energy use. Forms of cooperation described in the Agreement include: planning and analysis of
geothermal applications and resources, and scientific exchanges and visits.

China is a global leader and has rich geothermal resources with a long history of utilization in the use of
geothermal resources for direct applications, with a thermal power contribution of more than 2,000 MWth and
a thermal energy production of more than 5,000 GWh in 1990 [5]. Hot springs have been used for space
heating and for treatment of disease since the Ming Dynasty. Today there are 1,620 sites throughout China
where geothermal energy is in direct use today [29]. In total, they have produced energy which is equivalent
to burning 5 million tons of standard coal. Sites in operation include: 112 places for agricultural uses, 51
industrial applications, 65 sites using thermal springs for tourism, and 35 seismic observation stations.

Geothermal resources are spread widely across China. Evidence of abundant geothermal resources is widely
spread around the country, including 2,500 thermal springs and 270 geothermal fields. Preliminary estimates
are that recoverable reserves of geothermal energy
are equivalent to 4.6 X 1,011 tons of standard coal [2].
Most of the hot springs are located in the Provinces of
Fujian, Yunnan, Sichuan, and the Xizang (Tibet)
Autonomous Region. High temperature geothermal
resources are concentrated along the Himalayan Belt,
which is an extension of the Mediterranean Geother-
mal Belt, passing through southern Tibet, western
Sichuan and Yunnan, turning south through Thailand.
The part of the Belt in China is extensive, more than
2,800 km long and 200-400 km wide. One of the best
geothermal resources was found at one of the sites in
the Yangbajain Field in Tibet (Figure 18), with a
geothermal fluid temperature of 329.8°C at a depth of
2,007 m [30]. This is a good indication of the excellent
mid- to high-temperature geothermal resources in the
region.

3.6.1 Technology and Application Descriptions

Geothermal energy systems use the conductive heat
loss from the earth’s interior to make steam, hot
water, or with another heat transfer working fluid for
direct use, e.g., building space heating/cooling, or to
drive turbines to generate electricity. These two
different geothermal applications are described below.Figure 18. Geothermal well drilling for the 10- MW

power plant in the Yangbajain Field in Tibet
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Geothermal Electricity Production
For thousands of years, people have benefitted from hot springs and steam vents, using them for bathing,
cooking, and heating. During this century, technological advances have made it possible and economically
practical to locate and drill into hydrothermal reservoirs, pipe the steam or hot water to the surface, and
use the heat directly for space heating, agriculture, and industrial processes or to drive steam turbines to
convert the heat into electricity. The reservoir temperature dictates the energy conversion process and
also a significant driver in the economics. Only the high temperature, >200°C (392°F), and moderate
temperature in the range >100°C and <200°C (212°F/392°F) geothermal resources are adequate for
commercial power generation.

The total installed geothermal electric generation capacity is up to 29 MW and expansion is planned. Deep
well, high temperature sources are used to make steam that is used to generate electricity at several
geothermal sites. The largest site is the Yangbajain Geothermal Power Plant, located 94 km northwest of
Lhasa the capital of Xizang Province (Tibet Autonomous Region). This plant has a peak capacity of 25
MW and has been producing about 100 TWh of electricity annually since 1979, providing about 50 percent
of the electricity for the Lhasa grid [29 and 32]. In Yunnan Province another power generation project is
underway and the first stage of public bidding will soon expand the drilling in the Hot Sea geothermal field
located near Tengchong.

Geothermal Heat Pumps
Geothermal heat pumps (GHP) are a cost effective, energy efficient, and environmentally friendly way of
heating and cooling buildings. They use the earth’s relatively constant soil temperature to provide efficient
year round heating and cooling. GHPs exchange heat with the earth through a system of buried plastic
pipes called a ground heat exchanger. See Figure 19. In the winter, fluid in the pipes extracts heat from the
earth, and carries it through the system and into the building. In the summer, heat is pulled from the
building, carried through the system and deposited in the cool earth. Fans located inside the building
distribute the warmed or cooled air throughout the interior, much like an air conditioner. GHPs save money

in both operating and in maintenance costs. More
than 70 percent of the energy required for heating
and cooling comes from the earth.

Three geothermal heat pump demonstration projects
are being developed to heat and cool buildings in
Daqing (100,000 square meters), Shanghai (100,000
square meters), and Guangzhou (120,000 square
meters), totaling 320,000 square meters (or 3.4
million square feet). Geothermal heat pump systems
are likely to be economically attractive, energy
efficient options, in virtually all of China. General
agreements have been signed by three U.S. firms:
Trane, Florida Heat, and Climate Master, to partici-
pate in these demonstration projects.

Geothermal Direct Use
China is also expanding the direct use of geothermal
heat energy. Two demonstration sites have been
established, one for building space heating and

Figure 19. Schematic diagram of geothermal
heat pump system for efficient building heating
and cooling
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supplying hot water in Xiongxian County, Hebei Province and the other is for plantation crop growing and
fish breeding in Rucheng County, Hunan Province.

3.6.2 Geothermal Heat Pump Application Feasibility Study

Geothermal heat pump technology as the broadest range of potential applications. The technical issues and
economic considerations for the various applications and geographic regions are not well understood. Further,
China has various climatic zones which would use different types of heat pump systems. In the northern, cold
climatic areas with an average temperature of -10°C to -30°C (14°F to -22°F) in winter, geothermal heat
pumps can be use to supplement or replace coal-fired heating boilers. In the central, warm climatic area,
primarily the Changjiang valley, winter temperatures range from -5°C to 10°C (23°F to 50°F), and is severely
hot in summer with the temperature from 30°C to 40°C (86°F to 106°F). In this area, dual-purpose geother-
mal heat pump air conditioner systems could be used. Southern, subtropical climatic areas, including
Guangdong, Fujian, Hainan, Guangxi, and Hong Kong are very hot in summer, with air conditioning needed
seven months per year and is mild in winter, not needing space heating.

Studies are underway on the technical and economic feasibility of using geothermal heat pumps in the
three climatic zones. The U.S. is providing technical assistance to China for the three geothermal heat
pump demonstration projects in China.

The proposed demonstrations will address different functions and market areas in China. The plan is to
have one site in each climatic region. The planned demonstration sites are:

6 A commercial building complex in the city of Daqing that is in the northern climatic region of China

6 Commercial projects will demonstrate the technology in the central climatic region of China in
Shanghai, including a multistory commercial office building , used as the Center of the Shanghai
Minhang Economic and Technology Development Zone, which is fully air conditioned by a geother-
mal heat pump system, and

6 A large apartment and commercial building complex near the city of Guangzhou that is in the
southern climatic region of China.

As China intends to purchase U.S. built geothermal heat pump units, the DOE plans to support this major
investment by helping industry to provide technical support and training. Assistance may include project
feasibility studies, technical training, and educational and joint project evaluation and management activities.

In a second phase under consideration, the study could address technical feasibility of applying geothermal
heat pump technology, focusing on shallow ground water resource distribution, deep geothermal resource
distribution, and open water resource distribution. This study could also address the benefits and risks of
applying geothermal heat pump technology to improve environmental quality in China.

3.6.3 Tengchong Geothermal Electric Power Pilot Plant

Responding to a request for technical assistance, DOE sent two U.S. geothermal experts to the
Tengchong Geothermal Project in China to study drilling equipment, safety, and geological issues. The
drilling expert reported that the drilling crew in Tengchong is very experienced in oil and gas well drilling to
the projected depth, but they lack experience in geothermal drilling procedures. In some cases proper
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equipment, materials, and tools needed for this type of drilling were not available or were not being used
correctly. Specific recommendations were made to the Chinese drilling team that should improve opera-
tional safety. It was also concluded that specialized drilling equipment was needed, is commercially
available, and could significantly reduce the cost of drilling. The geothermal exploration expert reported
that the site of current drilling may be too far away from the resource to have useful fluid temperature or
flow rate. Suggestions were made for using other nearby sites with greater rock fracturing and expected
higher temperature water that could be better commercial sites. To assist China in completing the first
10-MW geothermal pilot project at Tengchong, the U.S. experts recommend the following: (1) geologic
and geophysical assistance; (2) drilling engineering assistance; (3) on-site training; (4) post drilling analysis;
(5) development of future drilling plans. The long history of geothermal research and development and
expertise available in the U.S. could be very beneficial to China’s program and could create mutually
beneficial business opportunities.

3.6.4 Geological Science Study

The DOE, through the Lawrence Berkeley Laboratory, is supporting a scientific study of the geological
mechanisms that are producing the geothermal energy resources at the Tengchong site. By studying noble
gas isotopes (argon, helium, neon, krypton, radon, and xenon) in rock samples from the well, it is possible to
determine if the heat source is metamorphic or from volcanic magma flow near the surface. This information
is important in continental motion studies and for predicting geothermal energy production potential.
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Commercial Project
Development and Financing
4.1 Energy and Environment Initiative

In October of 1997, a joint statement, the “Energy and Environment Cooperation Initiative,” was signed with
the goal of strengthening bilateral cooperation in order to help meet China’s energy needs in a way which
protects the local, regional and global environment. The Initiative focuses on energy and environmental
science, technology development, and trade between the U.S. and China. Priority areas for cooperation
identified in the Initiative are urban air quality, clean energy sources and energy efficiency, and rural electrifi-
cation. An important goal of the Initiative is to find ways to encourage a greater role for the private sector in
China’s energy development, through encouraging programs which promote such investment and through
continued policy, regulatory, and investment reforms. The Initiative supports the goals of the U.S.-China
Forum on Environment and Development, co-chaired by Vice President Al Gore and Premier Zhu Rongji.

The Energy and Environment Initiative program includes: conducting research; sharing data; expanding the
use of renewable energy resources, other clean energy technologies, and energy efficiency; and facilitat-
ing trade and investment in these technologies. The Initiative is also aimed at helping meet China’s growing
energy needs and rural electrification objectives with clean energy solutions. The areas targeted for
cooperation are:

6 Urban air quality - with government cooperation on energy related air pollution issues including:
urban air quality monitoring, implementing emission standards, housing topics (building materials,
home heating and cooking), reducing lead pollution, enhanced business sector involvement in natural
gas infrastructure development, coal gasification, manufacture and use of fuel efficient vehicles,
emissions monitoring equipment, and improved vehicle fuels.

6 Rural electrification and energy sources - increasing involvement of industry and government to
help bring clean energy to rural areas, using grid-connected, and off-grid renewable energy from
wind, solar, hydro, and natural gas sources.

6 Clean energy sources and energy efficiency - increasing involvement of industry and government to
help development and use of energy efficient motors, cogeneration, industrial processes, lighting,
district heating, power transformers and buildings; and to deploy clean energy technologies to fossil
fuel fired systems and to develop large scale wind and solar energy systems.

Decisions on issues relating to global climate, the environment, and energy security affect the health,
safety, and quality of life everywhere. The US-China Energy Efficiency and Renewable Energy Protocol
provides a framework for cooperation to provide electricity to many people and to move toward a sustain-
able energy future. While the urgency of this effort maybe subject to debate, the long-term need to
improve efficiency, shift from fossil fuel burning to hydrogen or other fuels, and using renewables energy
wherever possible, are inevitable [34]. Actions taken under the Protocol can certainly help to accelerate
the transition process [35].

4.0
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4.2 EXIM Bank Clean Energy Program

The EXIM has much experience in financing private power projects in China. In addition, the EXIM Bank
has authorized a $100 million in export credit to the Chinese government to finance the purchase of U. S.
goods and services for projects involving renewable energy and energy efficient technologies. This credit
facility was established by a Memorandum of Understanding for the Clean Energy Program, signed on
March 29, 1999, by the SDPC, the DOE, the EXIM Bank, and the China Development Bank. Projects
eligible for inclusion are: wind, solar, and geothermal technologies; industrial cogeneration; energy efficient
buildings; and low NO

X
 and SO

X
 burners. Financing is available for commercial projects with competitive

financing rates. Similar arrangements, where local banks assume the risk of the borrower, are being used
in Brazil and Poland. This approach allows EXIM Bank to finance transactions where the borrower would
otherwise be unable to secure commercial financing.

4.3 Conferences and Workshops

There have been several conferences and workshops co-sponsored by the MOST, the DOE, and other
U.S. and Chinese government agencies. These meetings were designed to encourage private sector
involvement in supporting China’s goals for renewable energy use, efficiency improvement and sustainable
development.

On September 22-23, 1998, the conference on Financing China’s Energy Needs was co-sponsored in
Beijing by the U.S. Department of Commerce, the DOE, and China’s SDPC. This meeting brought
together an array of U.S. firms involved in the development and financing of power projects, relevant
organizations from China’s national government, and quite significantly, representatives of many of China’s
provincial and regional power authorities. Response was also very strong from the American business
community. The event was oversubscribed by both the U.S. private sector and the Chinese government
and total participation topped 275 participants, including 175 company representatives. The conference
was considered to be a success and a useful mechanism for business development.
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Conclusions
During the four years since the U.S.-China Cooperation in the Fields of Energy Efficiency and

Renewable Energy began, the DOE/MOST team has made substantial progress. Efforts are suc-
ceeding in developing the tools and business framework for China to demonstrate the technical and
economic feasibility of using substantial renewable energy contributions and improving energy efficiency.
These joint activities have contributed to successful demonstrations of solar-photovoltaic technology, wind
turbines, biomass power plants, geothermal heat and power, and electric vehicles. There have also been
numerous technical publications. These activities have resulted in immediate and possible long-term
benefits to U.S. industry, including facilitation and establishment of new business partnerships, expansion
of markets for American products, and purchase of some U.S. made equipment for the pilot projects in
China. Several joint ventures between American and Chinese manufacturing companies have already
been an indirect result. Overall activities have resulted in a strong multi-disciplinary U.S.-China team
capable or addressing complex bilateral energy issues in mutually beneficial ways.

5.0
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